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Abstract:

A soft-switching boost converter utilizing a passive LC resonant network is designed,
simulated, and implemented in this paper. Traditional boost converter implements hard
switching methods which leads to high switching loss. This makes it viable for low frequency
applications, leading to poor power density. This limits them in high frequency as loss reaches
very high level. The primary objective of this work is to mitigate switching losses, enabling
high frequency operation with improved power density and efficiency. Theoretical concepts,
design process and simulation results validation of the proposed converter is described.

Introduction:

In recent years, the demand for electricity generation systems based on nonconventional energy
sources has driven the development of a new generation of high-gain DC-DC converters [1].
These high-gain converters can be categorized as either isolated or non-isolated. Among them,
transformer less (non-isolated) topologies have gained popularity in medium-power
applications (up to 400-500 W) due to their cost-effectiveness and high efficiency. Traditional
DC-DC converter topologies such as boost, SEPIC, and ZETA offer simple structures but
suffer from low efficiency. Achieving a high voltage gain with these topologies requires
operating at high duty cycles, which leads to increase stress on switching components. To
address these challenges, a variety of high-gain DC-DC converter topologies have been
developed. Each configuration has its own advantages and disadvantages. Techniques like
switched capacitors, voltage multiplier cells (VMCs) and switched inductors are commonly
used to enhance the voltage gain. While isolated converters offer advantages like common
ground, isolation and high efficiency—ideal for high-power applications—non-isolated high-
gain converters are also suitable for microgrid systems with bidirectional power flow [3]. A
non-isolated, switched-capacitor-based boost converter using two inductors and a single switch
was introduced in [4], though its voltage gain was limited. In photovoltaic (PV) systems, a
step-up converter is essential to increase the voltage level as part of the MPPT (Maximum
Power Point Tracking) process. An improved boost converter tailored for renewable energy
applications was proposed in [5], while [6,7] presented high-gain boost and SEPIC converters
featuring continuous input current. Many approaches have been proposed to achieve higher
gain at lower cost and better efficiency. A generalized high-gain DC-DC converter structure
using a single switch and switched inductors was introduced in [8]. The quadratic boost
technique has also been employed to enhance gain, albeit with high voltage stress on
components [9], which necessitates the use of high-rated switches, increasing conduction losses
[10]. The conventional quadratic boost converter (CQBC), as proposed in [11], also
experiences a voltage stress equal to the output voltage across its single switch. In [12], a
voltage doubler circuit utilizing diodes and switched capacitors was proposed to substantially
boost the output voltage. Similarly, a DC-DC Luo converter delivering a positive output
voltage using switched capacitors and diodes was proposed in [13]. Coupled inductor-based
topologies are another popular approach for achieving high gain, but they typically result in
larger input current ripples. Some of the issues related to these topologies have been addressed
in the converters proposed in [14-17]. Voltage multiplier cells (VMCs) integrated with
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traditional converters like boost, SEPIC, and CQBC have been shown to further increase gain,
as discussed in [18-20]. However, VMCs using switched capacitors often suffer from high
charging currents, leading to extra power losses. Additionally, the component count increases,
which in turn raises costs and reduces reliability. Interleaved boost converters form another
category of high-gain converters, delivering significant gain even at lower duty cycles.
However, they typically need several VMCs at the output stage [21-24]. The converter
proposed in the current study stands out for its simplicity and performance. Key features
include:

o Reduced electromagnetic interference.

o Improved efficiency.

o Improved power density.

o Enhanced reliability.
The detailed functioning of the proposed converter is explained in the upcoming sections.

Circuit diagram:

The circuit diagram of the proposed soft switched boost converter is shown in fig 1. Apart from
the basic boost converter elements, the proposed converter uses only one resonating inductor
(L) and a resonating capacitor (Cr) to achieve soft transition of the main switch both at turn
on and turn off. The details of converter modes of operations at different stages are described
below. The equivalent circuits in each mode and related key waveforms are depicted in fig 2
and 5 respectively.

Fig.1

Traditional boost converter employees hard switching methods which leads to switching
losses. This loss is miniscule for one cycle thus negligible in low frequency applications but
increases exponentially and reaches high levels when implementing in high frequency
applications above

20 kHz. So, to mitigate this issue the proposed converter employees soft switching methods
like ZCS and ZVS which reduces the switching loss per cycle. This enables the converter to
be operated in high frequency conditions without incurring significant loss and performance
ISSues.
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Methods:

Let us assume that the current is flowing from the current source to the load through the diode
in the outer circuit and the inner inductor (Lr) and capacitor (Cr) are fully discharged. Now
the switch is just turned on and the current through the inductor (irr) is slowly rising and it is
getting charged. The whole input current is flowing through the inductor (L) and the diode is
switched off isolating the load terminal. The inductor (Lr) is fully charged and the current (i.r)
through it. The switch is just turned off and the capacitor (Cr) is getting charged with the
combined current from the input and inductor (Lr) . The inductor (Lr) gets completely
discharged to capacitor (Cr) and the capacitor gets charged to the point where the diode is
turned on. Consequently, inductor current (i) becomes zero and the capacitor voltage (Vcr)
reaches its peak. The capacitor (Cr) is fully discharged and the inductor (L) is fully charged
which turns on the flyback diode (Dr). So, the inductor discharges itself to the load through
the flyback diode.

MODE 1 MODE 2 MODE 3

|

=¥

MODE 4 MODE S

NG ) 4%‘ "

|
é A /:
l !

EAV

!
L
T Cr

|

l

(d) ()
Fig.2
Equivalent circuit in each operating mode

In the given circuit, as we have a DC voltage source connected to a large inductor, we can
replace them with a current source in the equivalent circuit.

Mode -1: (to — t1)

Let us assume that the current is flowing from the current source to the load through
the diode in the outer circuit and the inner inductor (L) and capacitor (Cr) are fully
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discharged. Now the switch is just turned on and the current through the inductor (i.r) is slowly
rising and it is getting charged. It is given by trva equation below:
i (t)= =0 (t—t )
Lr Lr
Time duration: At =t —t _— lulr
01 10 Vo

Mode- 2: (t1 — t2)

In this mode, the whole input current is flowing through the inductor (L) and the diode
is switched off isolating the load terminal. The inductor (Lr) is fully charged and the current
(irr) through it is given by the equation below:

iLr(t): Iin
Time duration: At12 = t2 — t1 = DTsw — At

Mode- 3:(t2 — t3)

In this mode, the switch is just turned off and the capacitor (Cr) is getting charged with
the combined current from the input and inductor (Lr) simultaneously and reaches to the peak
and the inductor current becom%s zero. The equation is given below:

i (t)= sm(w (t—t ) +1 cos(w (t—t ))
Lr Zr r in
Ver(t) =Vo —Vocos (wr(t — to))+ [inZrsin ((Ur(lt —t2))
Time duration: Atzs = t5 — t = — tan {22

wr
The peak voltage of capacitor: V= V¢r(ts) = Vo — Vocos (wr(ts — tz))+ IinZrsin (wr(t3s —
t2))

Mode- 4:(t3 — ta)

In this mode, initially the capacitor voltage is at peak and the diode is turned on. The
capacitor gets discharged and voltage (VCr) reaches zero. And the inductor current equation is
given below:

i (t)— Vsin(a) (t—t))
Cr r 3
VcT(t) = Vo —V) (1-cos (wr(t — to))) ’

. . 1 _ 0
Time duration: Atss = ta — t3 = — €0s™1{(—)
wr Vo=V

Mode- 5:(t4 — ts)

At this point, the capacitor (Cr) is fully discharged and the inductor (Lr) is fully
charged which turns on the flyback diode (D-). So, the inductor discharges itself to the load
through the flyback diode. And the mdg;ctor current gqugtion is given below:

i (t)——( )+ —sinw (t —t)
Lr 4 Z, Ly— 6 4
Time duration: At =t —t =" sinw (t —t)
45 5 4 ZT ZT r

© 2025, ISJEM (All Rights Reserved) | www.isjem.com | Pageb



220

O . . pn . .
YISIEMY International Scientific Journal of Engineering and Management (ISJEM) ISSN: 2583-6129
\il o-Journa 1}’ Volume: 04 Issue: 04 | April - 2025 DOI: 10.55041/ISJEM03246
1@21 An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata

Circuit Parameters:

SI No. | Components Value
1. Input Voltage 24V

2. Boost Inductor 500 pH
3. Resonant Inductor 20 pH
4. Resonant Capacitor 400 nF
5. Frequency 50 kHz

= Boundary conditions: -

For determining the boundary condition of the boost
inductor for CCM and DCM, the ripple should be less than average current. If the ripple is Ai
and the average current is iavg then the condition for the conduction mode in CCM is,

A l/Z < iavg .
Now, for an inductor, V = LY
dt
di VDT
"TL
s Aj=VinDT
L

Therefore, from boundary condition equation, .
Vin Po[wi = "andP =P
L DT <V- [ avg Vin in o

. V,2
or, Ve DT < __°
2L RoVin

L > E (Vin )ZD
RoT 2 Vo

or,t>1 (V"_“)ZD
2 Vo

or,

D

Fig.3

So, from the graph for D = 0.75, the boundary condition value for t is around 0.03. If the
resistance is 75Qand T= _1__ then L = 45 * 10-6 H. Thus, the chosen value for our boost

50 %103’
inductor is
L=50% 10-5H.
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Now, t =L,
RT 1
So, if L and T are constants then t o _ .
R
2
And for power, P =Vo_
R

So, if output voltage is constant then P « 1
R
So, T« P.

In other words, the system will be in CCM at 10% load condition.

= Ripple analysis: -

The condition of ripple for the inductor of this circuit

. di
Ripple = — x 100
lavg
] L . _ P
Now, Ripple current, di = V‘L’l DT and average current, iwg = ,
in
s~ forVim = 24V,D= 075, T= 1
50 * 103

100
. 90
80
2 70
£ 60
S 50
& 40 \
g 30 \\w\
S 20 \.\\*\1
& 10

0
0 0.0002 0.0004 0.0006 0.0008 0.001
Boost Inductance (L)
Fig.4

From the graph it can be inferred that for getting ripple less than 20%, the inductance needs to

be more than 0.000432, thus our chosen inductance is 50 * 10-> H, has the percentage ripple
less than 20.
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Results:

Vg

08 |— =

/\ g

Vw ':zvs OFF izczvs ON lin, Isw .

‘%r’ﬂ - /”W — :

lin

44 . .
| | \
4 1
38 A
36
ILr
il e T e 7 e | R e
5 N\
: ¥/ ¥/ Y, Y
b . i U
8 1 |
0.044 0.04402 0.04404 0.044D6 0.04408 0.0441
Time (s)
To Ta T, TsT,Ts
Indexing
Ve Gate Pulse
lin Input Current
I Resonating Inductor
Ve Switch Voltage
lsu Switch Current
Fig.5
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Discussion:

From the waveform depicted in fig.5 we can observe that the proposed converter is
under ZVS OFF and ZCZVS ON and thus is being successfully softswitch. This negates
switching loss and enables high frequency operations. This converter current has a ripple
percentage of less than 20 which makes current more stable. This converter reduces energy
loss which makes it more efficient in energy management and thus reduces energy usage as a
whole when implemented in practical scenarios in large scale. This ideology aligns with a
global push for sustainable and green energy management through scientific progress and
discoveries.

Conclusion:

A passive LC resonant network was effectively used to design and implement a soft-
switching boost converter. By mitigating switching losses, the converter offers
significant improvements in efficiency and power density. Future research can
explore advanced control techniques and wide-bandgap devices to further enhance
the performance and capabilities of such converters.

The future of soft-switching boost converters is promising, with several avenues for
further research and development:

1.Integration of Wide-Bandgap Devices:

Utilizing wide-bandgap semiconductors like Silicon Carbide (SiC) and
Gallium Nitride (GaN) can further improve efficiency and power density.

These devices offer higher switching speeds and lower conduction losses,
enabling higher-frequency operation and reduced switching losses.

2.Advanced Control Techniques:

Developing advanced control strategies, such as digital control, predictive
control, and model-predictive control, can optimize the performance of soft-
switching converters under various operating conditions.

These techniques can improve efficiency, stability, and dynamic response.
3.Multiphase Converters:

Employing multiphase configurations can further reduce current stress on
individual components and improve power quality.

These converters can also be used to achieve higher power levels and
improved thermal management.

4.Integration with Renewable Energy Systems:

Soft-switching converters can be integrated with renewable energy

© 2025, ISJEM (All Rights Reserved) | www.isjem.com | Page 9
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sources like solar and wind power to improve the efficiency and reliability of these
systems.

By optimizing the power flow and energy storage, these converters can enhance
the overall performance of renewable energy systems.

5.Electric Vehicle Applications:

Soft-switching converters can be used in electric vehicles to improve the
efficiency and range of these vehicles. By reducing power losses and improving
power density, these converters can contribute to the advancement of electric
vehicle technology.

By addressing these areas, future research can lead to even more efficient,
reliable, and powerful soft-switching boost converters.
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