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Abstract: This paper focuses on the development of a high-conversion-efficiency DC/DC boost
converter, which features high step-up conversion and employs soft switching technology to reduce
conversion losses. In the proposed design, the conventional energy storage inductor used in
traditional boost converters is replaced with a coupled inductor, and an additional boost circuit is
introduced. This configuration allows the converter to achieve a higher voltage conversion ratio
under the same duty cycle, thereby enhancing the voltage gain of the converter. Additionally, a
resonance branch is incorporated into the converter, and by applying a simple switching signal
control, zero voltage switching (ZVS) of the main switch is realized. This reduces the switching loss
inherent in hard switching high step-up converters, thereby improving the overall conversion
efficiency. To validate the performance of the proposed converter, the circuit principle of the
proposed high step-up soft switching converter is first analyzed, followed by the design of the circuit
components. Subsequently, the feasibility of the proposed converter is verified using PSIM
simulation software. Finally, the proposed high step-up soft switching boost converter is tested using
the TMS320F2809 digital signal processor, and it is verified that the main switch successfully achieves
ZVS. The converter operates under a full load of 340W, achieving a conversion efficiency of 92.7%,
demonstrating the excellent conversion performance of the developed converter.

Keywords: high step-up converter; soft switching converter; zero voltage switching; coupled
inductor; switching loss

1. Introduction

In recent years, renewable energy has gained increasing attention, with photovoltaic power
generation system becoming one of the most widely applied forms of renewable energy. These systems
are characterized by sustainable energy supply and minimal environmental impact. With advancements
in technology, the installation and operational costs of photovoltaic power generation systems have
continuously decreased, and their long-term maintenance costs are also relatively low, making them an
ideal energy supply option. Additionally, with the rapid development of power electronics technology,
converters play a crucial role in photovoltaic power generation systems, as they can significantly improve
the energy conversion efficiency of the system. The primary function of a converter is to convert the direct
current (DC) generated by the photovoltaic module array into alternating current (AC) or other DC values,
for use in the power grid or energy storage. Due to the relatively low voltage output of photovoltaic
modules and the need for subsequent applications in high-voltage systems, boost converters [1-3] are
commonly used in photovoltaic power generation systems. However, boost converters also have certain
drawbacks. When the switch is operated within a reasonable duty cycle, in order to prevent overheating
and damage to the switch during prolonged operation, the voltage gain of the converter is limited, thus
failing to meet the requirement for high output voltage. Moreover, if the switching frequency is too high
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when operating the switch, it results in significant switching losses. Although soft switching technologies
[4-7] can reduce switching losses, they increase the size and cost of the converter and still cannot achieve
the required higher output voltage. These issues affect the overall performance and cost-effectiveness of
the photovoltaic power generation system.

In recent years, many researchers have begun to explore high step-up converters [8-11] to address
the drawbacks of traditional boost converters. High step-up converters can convert the relatively low
output voltage from a photovoltaic module array to a higher voltage, thereby reducing energy losses and
improving system efficiency. However, this technology also faces several challenges. The design of high
step-up converters is more complex and requires advanced electronic components and control techniques,
which leads to increased manufacturing costs and greater risks to system reliability. Additionally, high
step-up converters operate in high-voltage environments, posing potential voltage breakdown and
insulation issues. Therefore, special insulation designs and protection measures are necessary. The boost
converter presented in reference [8] demonstrates excellent step-up performance. However, due to the
use of a three-winding coupled inductor, which increases the voltage gain through the turns ratio, the
converter's physical size becomes significantly larger. In addition, the main switch in this converter does
not achieve soft switching, resulting in higher switching losses during transitions between the on and off
states. Furthermore, as the output voltage increases, the main switch must withstand higher voltage and
current levels, significantly reducing the switch's lifespan. Reference [9] proposes a multi-stage series
connection to increase the voltage gain; but the conversion efficiency decreases as the number of stages
increases. Reference [10] presents an inductively coupled soft switching bidirectional converter, which
offers a high step-up ratio and reduces input voltage ripple. However, it requires five switch components
and six capacitors, which increases the size and cost of the physical hardware. Reference [11] introduces
an interleaved high voltage ratio boost converter with coupled inductor. However, during the interleaved
operation, the inactive converter still transmits some power, which reduces the overall efficiency and
causes distortion in the average current. Reference [12] proposed an inductively coupled soft-switching
bidirectional converter that also achieves a high step-up ratio. However, its main switch components must
withstand higher voltage switching stresses, requiring switches with higher voltage ratings.

To address the drawbacks of the aforementioned converters, this paper proposes a high step-up
soft switching converter. This converter uses a coupled inductor to replace the conventional energy
storage inductor and incorporates a boost circuit, enabling a higher voltage conversion ratio under
the same duty cycle, thereby improving the voltage gain of the converter. In addition, this paper
incorporates a resonance branch into the converter and uses a simple switch signal control to achieve
ZVS of the main switch, reducing switching losses in hard switching high step-up converters and
improving conversion efficiency. First, the circuit architecture of the proposed converter was
established using PSIM simulation software [13], and its feasibility was verified through simulation
analysis. Finally, the implementation was carried out using the TMS320F2809 digital signal processor
[14] from Texas Instruments, which demonstrated the superior conversion performance of the high
step-up soft-switching converter.

2. The Proposed High Step-Up Converter
2.1. Operating Principle of the High Step-Up Hard Switching Converter

Figure 1 depicts the circuit architecture of the proposed high step-up hard-switching converter.
This design replaces the traditional energy storage inductor with a coupled inductor and incorporates
an additional boost circuit formed by D, and C, . By leveraging the turns ratio of the coupled inductor
and the boost circuit, the voltage conversion ratio is significantly enhanced. Furthermore, the
converter features a simple circuit structure and ease of control, making it advantageous for practical
applications. The operation of the converter can be divided into two modes based on the state of the
switch (on and off). When the switch is on, the duty cycle D of the converter during one period T is
defined by Equation (1).
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Figure 1. Circuit diagram of the high step-up hard switching converter.
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Wheret,, is the time during which the switch is conducting within one period, and t  is the time

during which the switch is off.

(1) Switchon (0<t,, <DT )
When the switch S is conducting, the diode D, is also conducting, while the diode D and D, are

in the off state. The equivalent circuit is shown in Figure 2, and the turns ratio N of the coupled
inductor is defined by Equation (2). At this point, the inductor voltages v, and v, are expressed by

Equations (3) and (4), respectively, while the voltage v, across the energy storage capacitorC,, is

given by Equation (5).

.
< RSV,

Figure 2. Equivalent circuit when the main switch S is conducting in the high step-up hard switching converter.

N @
v, =V, 3)
v, = %Vi =NV, 4)
1
Ve, =V, +V, =V, (N +ﬁ] (5)

(2) Switch off (DT <t <T)
When the switch S is off, diode D, is in the off state, while diodes D and D, are conducting. The
equivalent circuit is shown in Figure 3, and the inductor voltages v, ; andv,, are given by Equations

(6) and (7), respectively.
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Figure 3. Equivalent circuit of the high step-up hard switching converter when the main switch S is off.

D
Vi =V =V =- '1_D (6)

V.
Vi, =V +Ve, -V, -V, =NV, +ZE_V" (7)

Based on the volt-second balance theorem for the inductor L, , the Equations (4) and (7) lead to
Equation (8). After simplification, the voltage conversion ratio between the output voltageV, and the

input voltage V; can be expressed by Equation (9).

NV.DT +(NV, +21V—‘D—VO)(1— D)T =0 (8)
\i_ 2+N 9
V. 1-D ©)

From Equation (9), the relationship between the voltage gain of the converter and the duty cycle is
shown in Table 1. From Table 1 and Figure 4, it can be observed that, for the same duty cycle, the voltage
conversion ratio of the converter can be increased by adjusting the turns ratio of the coupled inductor.

40

25

20 1

Voltage gain

10 1

0 1 1 1 1 1 1 1 1
0 01 02 03 04 05 06 07 08

Duty cycle

Figure 4. Voltage gain vs. duty cycle curve for high step-up hard switching converter.
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Table 1. Relationship between voltage gain and duty cycle for the high step-up hard switching converter.

Turns
Dty Ratio N=2 N=3 N=4 N=5 N=6
Cycle
D=0.1 G=4.4 G=5.6 G=6.7 G738 G=8.9
D=02 G=5 G=6.3 G=75 G-8.8 G=10
D=03 G=5.7 G=7.1 G=8.6 G=10 G=11.4
D=0.4 G=6.7 G=8.3 G=10 G=117 G=133
D=05 G=8 G=10 G=12 G=14 G=16
D=0.6 G=10 G=125 G=15 G=175 G=20
D=0.7 G=133 G=16.7 G=20 G=233 G=26.7
D=038 G=20 G=25 G=30 G=35 G=40

2.2. Operating Principle of the High Step-Up Hard Switching Converter

The high step-up hard switching converter described above can increase the converter’s voltage
conversion ratio by utilizing a coupled inductor and an additional boost circuit. However, if the
voltage or current cannot be reduced to zero before switching occurs, switching losses will arise,
which in turn lowers the overall efficiency of the converter. To improve the conversion efficiency,
this paper proposes a high step-up soft switching converter with an inductive coupling. The circuit
architecture of this converter is shown in Figure 5, while Figure 6 illustrates the switching control
signals for the converter [15]. The converter achieves a high voltage conversion ratio through
inductive coupling and an additional boost circuit. It also incorporates a resonant branch composed
of L,, C,andS,, whereC, is the capacitor originally used in the hard switching converter circuit. By
controlling the switching signals, the converter enables ZVS for the main switch, thus improving
efficiency and reducing switching losses. This paper will analyze the operating modes of the
proposed soft switching converter, which is divided into nine distinct modes. Figure 7 shows the
switching waveforms for each component. Before explaining the operating modes, the following
assumptions are made:

1) The converter operates in continuous conduction mode (CCM), and the circuit has reached a
steady state.

2) All components are ideal, meaning that during conduction they are treated as short circuits,
and during cutoff, as open circuits. Consequently, there is no conduction voltage drop across the
power switching components.

3) The input and output voltages are maintained at constant values.

4) The currents of the energy storage inductors L and L, are considered constant (i.e. i, =1,

iLZ = ||_2 )

Figure 5. Circuit architecture of the proposed high step-up soft switching converter.
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Figure 6. Switching signal diagram of the high step-up soft switching converter [15].
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Figure 7. Switching waveforms of each component in the proposed converter under different operating modes.
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(1) Model(t, ~t)

When operating in Mode 1, the equivalent circuit is shown in Figure 8. In this mode, the main
switch S is in the off state, while the auxiliary switch Sr is turned on first. As a result, the resonant
capacitor C, begins to discharge, and the voltage across the resonant inductor L, isV, . The current

through the resonant inductor iy, rises from zero. Therefore, the resonant inductor L, and resonant
capacitor C, form a resonant tank, and the circuit equations can be expressed by Equation (10). After
solving, thei,, and v, are given by Equation (11), while the resonant impedance Z, and resonant
angular frequency @, are given by Equation (12). When the voltage V., across the resonant capacitor
drops toV;, diode D, switches from the off state to the on state. The circuit then transitions to Mode

2. The time for this transition is given by Equation (13).

+
. Corx R$ Vo
Vc1_;_ -
Figure 8. Circuit conduction state in Mode 1.
iLr (to) =0
V.
V.. (t)=—"—
alt) 1-D, t,<t<t (10)
ic1(t) = _iLr ®
Ve, () =V, (1)
. V. .
ILr (t) =————sin @, (t _to)
1-D)z
° , sttt (11)

V.
Ve, (1) = Ecos o, (t—t,)

. ’L
Where the resonance impedance Z, £ C—’ and resonance frequency
1

o (12)
LC,
T, =t,—t, =4/L,C, cos*(1-D) (13)

(2) Mode2 (t, ~t,)

When entering working Mode 2, the equivalent circuit is shown in Figure 9. At this point, the
voltage across the resonant capacitor V., has decreased toV, . At this point, the auxiliary switch Sr
remains on, and both the resonant inductor L, and the resonant capacitor C, continue to form a
resonant circuit. The resonant inductor current i, will continue to increase, and the resonant
capacitor C, will keep discharging. The circuit equations for this mode can be expressed as Equation

(14). From Equation (14), i, (t) and v, (t) can be derived as shown in Equation (15). When the voltage

. . . r .
across the resonant V., capacitor drops to zero, at which point @, (t—t,) = 5 the resonant inductor

current i, , can be calculated from Equation (15) as shown in Equation (16). The operating time for this

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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mode can be derived as shown in Equation (17). At this point, the anti-parallel diode of the main
switch S will begin to conduct, and the system will enter working Mode 3.

I S
ay,

hd

+

Vit

Dy

by

|
A Lr

L,

YYY

‘»_»

V. — : + v C isr +
T e l CoR

VC1T’|\C1 Sr +

Vsr
Figure 9. Circuit conduction state in Mode 2.

. dv,, (t
ILr(t)+C1 th( ) =1y
i s <t <Lt
L, dltjr = =V, () E 2 (14)
t
Vc1(t1) =V,
. vV, .
i .®)=1, +Z—S'”wo(t—t1) L <tet (15)
o ’ =t=1
Veu (t) =Vicosa, (t-t,)
. . V.
|Lr(t2):|5r(t2):lu+z—' (16)
Tz =t -t Z% LrC1 (17)

(3) Mode3 (t, ~t;)

When the system enters working Mode 3, the equivalent circuit is shown in Figure 10. At this
point, the voltage across the resonant capacitor V., has dropped to a very small negative voltage,
which causes the anti-parallel diode of the main switch S to forward conduct. As a result, the voltage
across the main switch S is zero. The control of the main switch S is then switched from the off state
to the on state, achieving ZVS for the main switch S. At the same time, the auxiliary switch Sr is
switched off. The circuit equations for this mode can be expressed as Equation (18). To ensure ZVS
for the main switch, the delay timet, must satisfy the condition in Equation (19), and typically t, is
5% to 10% of the switching period T. Moreover, to ensure that the main switch S can still achieve ZVS
under heavy load conditions, and considering the turn-off speed of the auxiliary switch Sy, an
additional time delayt, must be considered. Thus, the operating time t,, of the auxiliary switch can

be expressed as shown in Equation (20).

Figure 10. Circuit conduction state in Mode 3.
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is (tz) =1, _iLr(tZ) :_\Z/_i

v °, ot <t<t, (18)

iLr(tz) =1, +Z_I
t, >T,+T, =/L,C, (%+cosl (1- D)) (19)
t, >t +t =,LC, (%-FCOSl (1- D)j+ta (20)

(4) Mode4 (t, ~t,)

In Mode 4, the main switch S is conducting, while the auxiliary switch Sr switches off. Diodes
D, and D, are forward-biased, and the equivalent circuit is shown in Figure 11. In this mode, to allow
the energy storage capacitor C, and the resonant inductor L, to form a resonant tank, the capacitance
of C, is chosen to be close to that of C,. Additionally, the resonant inductor L, and the common-mode
inductance L, both discharge into the energy storage capacitor C, . At this point, the current through

the resonant inductor L, is I, + Z—' . The circuit equation for this mode can be expressed as Equation

o]

(21). Solving fori, (t) and v, (t) gives Equation (22). In this working mode, the current through the

resonant inductor i, , decreases from I ; + Z—' to zero, and diodes D, and D, switch off. The circuit then

transitions into Mode 5.

I~
tova
+
Vi = 4
- — [+ Co= R§ Vo
_Shke v -
— |-
Figure 11. Circuit conduction state in Mode 4.
di, (t
L, ;i;t() =V (t) = Ve, (1)
ave,(t) .
CZ CZ( ) :ILr(t)
dt , L <t<t, (21)
V2 (t) = Ny, (1) = NV
Ver(t;) =0
iLr (t4) =0

i, (t) =[ILl +%]cosa)0(t -t;) +%sin w,(t-t;)
’ ' (22)
Ve, () = NV, [1+cosa, (t - t,) ] +(|u +%Jsin o, (t-t,)
(5) Mode5 (t, ~t)
In Mode 5, the equivalent circuit is shown in Figure 12. At this point, the main switch S remains
conducting. The circuit equation for this mode can be expressed as Equation (23). This mode
continues until the main switch S transitions from conducting to off.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 12. Circuit conduction state in Mode 5.
is(t) =1,
, t,St<t 23
{VCl (t) — O 4 5 ( )

(6) Mode6 (t; ~t;)

In Mode 6, the main switch S is turned off and the equivalent circuit is shown in Figure 13. As a
result, the current |, charges the resonant capacitor C,, causing the voltage across the resonant
capacitor V, to gradually increase. The circuit equation for this mode is given by Equation (24). By
solving Equation (24), v, (t) can be obtained as Equation (25). When the resonant capacitor voltage
V¢, reachesV,, this mode ends and transitions into Mode 7. Therefore, the operating time for this

mode can be determined from Equation (26).

Figure 13. Circuit conduction state in Mode 6.

av,, (t
Clvc—l()zlu, t <t<t, (24)
dt
|
Ve (t) = # (t-t) (25)
1
V.C
To=to—t,=—"—+ (26)

I L1
(7) Mode7 (ty ~t,)

In Mode 7, the voltage across the resonant capacitor v, isV,, and the main switch S remains in
the off state, while the auxiliary switch Sr is also off. As a result, the coupled inductor L, and the
energy storage capacitor C, transfer energy to the load via diode D. The circuit equation for this mode
is given by Equation (27), and the equivalent circuit is shown in Figure 14. By solving Equation (27),
the voltage V., across the resonant capacitor C, can be obtained as Equation (28). At this point, the
current flowing through the coupled inductor I ; and the current |, , gradually decrease, and when

the currents I, and I, , become equal, the circuit transitions into Mode 8.
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Figure 14. Circuit conduction state in Mode 7.
dv,
C —t= Iy =1
dt , t<t<t, (27)
Veu(ts) =V,
I, -1
V01(t):%(t_te)’ t<t<t (28)
1

(8) Mode8 (t, ~t3)
In Mode 8, the voltage across the resonant capacitor Vv, isV, / (1-D), and diode D, transitions
from the conducting to the off state. The resonant capacitor C, stops charging, and both the main

switch S and the auxiliary switch Sr remain off. Consequently, the coupled inductor and the energy
storage capacitor C, continue to transfer energy to the load. The equivalent circuit for this mode is

shown in Figure 15, and the circuit equation is given by Equation (29). When the voltage across the
energy storage capacitor C, drops to zero, this mode ends, and the circuit transitions into Mode 9.

Ll CZ . L2 A
I

b N -
+ - + vV -

Vi .';'_ CﬁL Ré-vo

Figure 15. Circuit conduction in Mode 8.

|L1:|L2

t,<t<t, (29)

(9) Mode9 (t; ~ty)

In Mode 9, the voltage across the energy storage capacitor V., is zero, and diode D transitions

from conducting to the off state. Both the main switch S and the auxiliary switch Srremain off. The
equivalent circuit for this mode is shown in Figure 16, marking the completion of the entire switching
cycle analysis. The cycle will repeat once the auxiliary switch Sr turns on again, returning to Mode 1
of the next cycle.
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Figure 16. Circuit conduction state in Mode 9.

To demonstrate the performance of the proposed high step-up soft switching converter, a
comparison is made with various high step-up soft switching converters. The comparison is based
on voltage gain, switch voltage ratings, number of switching components, number of diode
components, number of inductive components, and number of capacitive components. The results
are summarized in Table 2. As shown in the table, the proposed converter achieves a high voltage
gain with fewer components and utilizes simple signal control for soft switching, highlighting its key
advantages.

Table 2. Component specifications of the high voltage ratio soft switching converter adopted.

Converter Converter ~ Converter  Converter = Converter = Proposed
Topology in [4] in [5] in [6] in [12] Converter
Voltage Gain 2N +2-ND 2+N 2+N 2N+2-ND 2+N
1-D 1-D 1-D 1-D 1-D
Voltagz’)en Stress v v, v, V, —NV, v
MOSFETSs 2N+2-ND 2+N 2+N 1+2N 1-D
MOSFETs 2 4 2 2 2
Diodes 3 0 2 3 3
Inductors 1 1 2 2 2
Capacitors 4 4 4 3 3

3. Component Design of the Proposed High Step-Up Converter

The output power of the high step-up hard switching converter proposed in this paper is 340W.
The relevant circuit parameters and specifications are provided in Table 3.

Table 3. Parameter specifications of the high step-up hard-switching converter.

Input Voltage Vi 72V 1 10%
Output Voltage Vo 430V
Output Power P, 340 W
Switching Frequency f 25 kHz
Turns Ratio of Coupling Inductor N 2

In the case where all components are operating under ideal conditions, the input power should
be equal to the output power, i.e.

V7

Vil = (30)
V2V,

I, = \FE (31)

Substituting Equation (9) into Equation (31) yields, as expressed in Equation (32).
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2+NY V.
e -

where

+N .
5 represents the voltage gain of the converter.

When the main switch S is turned on, v, can be expressed as:
di
v, =V =L 2 33
L1 i Ll dt ( )

From Equation (33), it can be observed that when the main switch is turned on, the inductor
current i, increases linearly, with the conduction time denoted ast,, = DT . The rate of change of the

inductor current can be calculated as shown in Equation (34).
. V,
AILl(close) = E DT (34)

Using Equations (32) and (34), the maximum and minimum values of the inductor currenti,, can

be derived, as expressed in Equations (35) and (36) [16].

Ai 2+4NYV, VD
s =1+ 5 =(T5) o5y )

Ai, (2+NYV, VD
Li(min) — ||_1_ lu :( i j - (36)
2 1-D) R 2L f
IE 1 L miny =0, the inductor can operate at the boundary between CCM and discontinuous

conduction mode, which yields:

2+NYV, VD
( j ViV 37)
1-D) R 2Ly f
From Equation (37), the value of Ly, can be calculated as:
DR(1-D Y’
= 38
Ll(mln) 2f (2+Nj ( )

Since the coupled inductor structure is similar to the coupled transformer structure, the
maximum value of |, can be shown as [16]:

I L1(max) ( 39)

IL2(ma><) == 14N

3.1. Design of Coupled Inductors

The given scenario involves ensuring that a converter operates in CCM across all duty cycles,
with a maximum output power of 340W, a fixed output voltage of 430V, and a rated load of 55002.
1—
2+N

2
From the relationship between the duty cycle D and the %( j function curve shown in Figure

17, it is observed that the function %(;_
+

2
J reaches its maximum value when D=0.33. By
substituting the load resistance R=550(), the turns ratio of the coupled inductors N=2, the switching
frequency f=25kHz, and the duty cycle D=0.33 into Equation (38), the minimum primary inductance
Lyminy of the coupled inductor is calculated to be 102uH. To ensure that the coupling inductor L,
operates in CCM under both light and heavy load conditions, the calculated inductance value is
further multiplied by a safety factor of 1.25. Hence, the selected value of the coupling inductor L, is

127 uH.
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Figure 17. The relationship curve between the duty cycle D and the function Z(ZNJ .
+

3.2. Design of Capacitors €1 and ©2

From Figure 1 of the high step-up hard switching converter, it can be observed that the capacitor
C,, coupled inductor L,, main switch S, and diode D, form a traditional boost converter. When the

duty cycle of the main switch S is 0.8, the voltage across capacitor C,is approximately 360V. From
Equation (5), under the same operating conditions, the voltage across capacitor C, is around 500V.
Therefore, the rated voltage of capacitor C, is selected as 400V, while the rated voltage of capacitor C,
is 600V. Based on the analysis of operating Mode 3 in Equation (18) and Figure 7, it is evident that
the capacitance value of C, influences the reverse current flowing through the main switch S.
Considering ripple size and component availability, the chosen capacitance value for C, is
0.33uF/400V. Additionally, from the explanation of operating Mode 4 of this high step-up soft-
switching converter, it is understood that C, should have a capacitance value similar to that of C,, so
C,is selected as 0.33uF/600V.

3.3. Design of Resonant Inductor L,

Since the conduction time of the auxiliary switch in a typical soft switching converter is usually
designed to be between 5% and 10% of the switching period, let t, =10%T =4us (
T= % = —25I1-H =40us)andt, = 2%T = 0.8 us represent these values, respectively. From Equation (20),

z
if the duty cycle D is set within the range of 0.1 to 0.8, the resonance inductance value can be
calculated to vary between 8.08uH and 17.08pH. Based on this, the chosen resonance inductance for
the converter is 18uH.

After the design of the aforementioned components, the specifications of the components used

in the proposed high step-up soft-switching converter are listed in Table 4.
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Table 4. Parameter specifications of the high step-up hard-switching converter.

Component Specifications
Coupled Inductor L: 127uH
Resonant Inductor L, 18uH
Main Switch S MOSFET-TK49N65W (650V/49A)
Auxiliary Switch Sr MOSFET-TK49N65W (650V/49A)
igt gli,ogf)s IQBD30E60A1(600V/30A)
Filtering Capacitor Co 340uF/900V
Resonant Capacitor Ci 0.33uF/400V
Energy Storage Capacitor C: 0.33uF/600V

4, Simulation Results

The PSIM simulation software [13] was first used in this study to model the high step-up soft
switching converter, in order to verify that the proposed converter achieves superior conversion
performance under both light and full load conditions. Figure 18 shows the waveform of the duty
cycle, input voltage, and output voltage when the converter operates at full load (P=340W). The
output voltage of 430V is obtained when the input voltage is 72V and the duty cycle is 0.33, as shown
in Figure 18. Therefore, the converter exhibits a high step-up ratio, and its voltage gain is consistent
with the value listed in Table 1. Figure 19 and Figure 20 show the simulation waveforms of the
electrical quantities for the main switch S and auxiliary switch Sr when the converter operates at full
load (P=340W). Figure 21 and Figure 22 show the simulation waveforms of the electrical quantities
for the main switch S and auxiliary switch Sr when the converter operates at light load (P=100W).
From Figure 19 and Figure 21, it can be observed that at both full load (P=340W) and light load
(P=100W), the voltage across the main switch S drops to zero before the switch enters the conduction
mode. This demonstrates that the main switch S achieves ZVS, confirming that the proposed
converter enables soft-switching for the main switch.

The control signal S

Vo(V)

0.13992 0.13994 0.13996 0.13998
Time (5)

Figure 18. Main switch control signal duty cycle, input voltage, and output voltage waveforms of the converter
operating at full load (P=340W).
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Figure 19. Simulation waveforms of the electrical quantities for the main switch S at full load (P=340W).
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Figure 20. Simulation waveforms of the electrical quantities for the auxiliary switch S of the converter when

operating at full
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-50

load (P=340W).
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Figure 21. Simulation waveforms of the electrical quantities for the main switch S at light load (P=100W).
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Figure 22. Simulation waveforms of the electrical quantities for the auxiliary switch Sr of the converter at light
load (P=100W).

5. Experimental Results

After verifying the feasibility of the proposed converter using PSIM simulation software, the
practical implementation of the high step-up soft switching converter was conducted using the
TMS320F2809 [14] digital signal processor as the control core. The overall hardware circuit setup is
shown in Figure 23, and the test platform is depicted in Figure 24. Figure 25 shows the waveforms of
the trigger signal for the main switch S, input voltage, and output voltage of the high step-up soft-
switching converter under full-load operation P=340W. From Figure 25, it can be observed that when
the duty cycle of the main switch is 0.33 and the input voltage is 72V, the output voltage reaches 430V,
achieving the expected voltage gain as shown in Table 1. Figures 2629 show the waveforms of the
trigger signals, voltages, and currents for the main switch S and auxiliary switch S at load conditions
of P=100W and P=340W, respectively. The experimental results demonstrate that the proposed high
step-up ratio soft switching converter achieves ZVS for the main switch S under both light load
(P=100W) and full load (P=340W) conditions. This helps reduce the switching loss, thereby improving
the overall conversion efficiency. Additionally, the measured waveforms of the main switch S and
auxiliary switch Sr match the simulated waveforms. Figure 30 shows a comparison of the efficiency
between the proposed high step-up soft-switching and hard-switching converters, with loads
ranging from P=100W to P=340W. The figure demonstrates that the conversion efficiency improves
by 3-4% across different load levels.
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Figure 23. Physical appearance of the high step-up soft switching converter circuit.
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Figure 24. Test platform for the high step-up soft switching converter.
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Figure 25. Waveform of the trigger signal, input voltage, and output voltage of the main switch S when the

converter operates under full load (P=340W).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.1715.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 May 2025 d0i:10.20944/preprints202505.1715.

19 of 22

;Trigger signal of the main switch S
N

Voltage v, of the main switch S
N

—— s 0 N0 . L
y \

f ¥ IlOOV

Current isof the main switch S
M

A ;
\ n""\,\ M |
.w’m\"\ il qu\dlloA

(3 4 - o

- e B

| Trigger signal of the auiliary switch S,
‘ N

§ a Izov
5 - -
Voltage vy of the auxiliary switch S, N
[ PR U S e
| i 1
PR 4100V
g B 1 LA

. Current i of the auxiliary switch S;

Figure 28. Waveform of the trigger signal, voltage, and current of the main switch S under full load (P=340W).
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Figure 29. Waveform of the trigger signal, voltage, and current of the auxiliary switch Sr under full load (P=340W).
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Figure 30. Efficiency comparison between the high step-up soft-switching converter and the hard-switching converter.

6. Conclusion

This paper presents a high step-up soft switching converter topology. Through both simulation
analysis and experimental results, it has been demonstrated that the converter achieves zero voltage
switching (ZVS) for the main switch. By replacing the traditional energy storage inductor with a
coupled inductor and adding a boost circuit, the overall voltage gain of the converter is enhanced,
enabling it to achieve a higher voltage output. Additionally, a resonant branch is incorporated to
ensure the main switch operates with ZVS, thereby reducing switching losses and switch stress,
which in turn improves conversion efficiency. The proposed converter offers advantages such as ease
of control via triggering signals, a simple circuit topology, and quantifiable component design
parameters. Under different load conditions, the conversion efficiency improves by 3-4%, with a peak
efficiency of approximately 93%. Thus, the converter demonstrates excellent conversion performance.
This converter is promising for practical applications in photovoltaic module arrays, where it can be
used for maximum power point tracking to enhance power generation efficiency.
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Nomenclature
Acronyms
ZVS zero voltage switching
DC direct current
AC alternating current
CcCM continuous conduction mode
Symbols

Vi the input voltage

v, the output voltage

R the input power

R, the output power

D) duty cycle between [0;1]

T the switching period of converter

L the switch conduction time within one cycle

o the switch off time within one cycle

ty delay time

t, an additional time delay

osr the operating time of the auxiliary switch

N turns ratio of coupling inductor

N;, N, the number of turns in the first and second coils

G the conversion ratio of the high voltage ratio soft switching converter
f switching frequency

S main switch

is the current through the main switch S

Vs the voltage across the main switch S

S, auxiliary switch

Ise the current through the auxiliary switch S-

Vsr the voltage across the auxiliary switch S-

L., L the primary side and secondary side of the coupled inductor

i, i the current through the primary and secondary sides of the coupled inductor
10, jche constant current through the primary and secondary sides of the coupled

inductor

Vi, Vi2 the voltage across the primary and secondary sides of the coupled inductor
L, resonant inductor

iir the current through the resonant inductor L-

Vi the voltage across the resonant inductor L

D,D,, D, fastdiodes
ip,ip,ip,  the current through the fast diode D, D, and D,

C, filter capacitor

C, resonant capacitor

iy the current through the resonant capacitor C,

Veq the voltage across the resonant capacitor C,

C, energy storage capacitor

i, the current through the energy storage capacitor C,
Ve, the voltage across the energy storage capacitor C,
R output load
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Zo resonance impedance
@, resonance frequency
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