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Abstract—A DC-DC converter designed for fuel cell
vehicle applications must deliver high voltage gain,
low voltage stress on components, compact size, and
high efficiency. Traditional converter topologies such as
two-level, three-level, and cascaded boost converters
often fall short in fulfilling these criteria. To
address these limitations, a novel non-isolated converter
incorporating a switched-capacitor network is
introduced. This design achieves a significant voltage
gain, supports a wide input voltage range, maintains
low voltage stress across the components, and offers a
common ground configuration. The proposed high-gain
converter ensures continuous input current, reduced
voltage stress, and a minimal component count, all
while maintaining a grounded architecture. A detailed
steady- state analysis is carried out in continuous
conduction mode (CCM), and its performance is
compared with other state-of- the-art converter
designs.  Simulation  studies, performed using
MATLAB/SIMULINK, confirm the theoretical
predictions and demonstrate the efficiency and
effectiveness of the proposed topology. For
experimental validation, a hardware prototype is built
using the TMS320F28027F microcontroller. With an
input voltage of 2V, the prototype successfully delivers
an output of 9V, achieving a voltage gain of 4.5. Under
rated operating conditions, the converter attains a peak
efficiency of 93.1%

Index Terms—Boost Converter, Fuel cell vehicles, Gain,
Effi- ciency.

I. INTRODUCTION

The growth of the transportation sector significantly
in- fluences a nation’s economic development.
However, the widespread use of traditional fuel-
powered vehicles leads to excessive consumption of
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fossil fuels and contributes heavily to environmental
degradation. As a result, global attention has shifted
toward clean and sustainable energy solutions. One
promising approach is the advancement of new
energy vehicles, particularly fuel cell vehicles, which
offer advantages such as zero emissions, minimal
environmental impact, and high energy efficiency
[3]-

Although the conventional boost DC-DC converter
remains popular in various applications due to its
simple design and limited component count, it
faces several limitations. The

theoretical voltage gain of this converter is given
by 1/ (1- D), where D represents the duty cycle.
However, in practice, parasitic elements within the
components and circuitry limit the achievable gain
[2]. Additionally, the high voltage stress across
components demands the use of costly high-voltage-
rated devices, which increases both the physical size
and over- all cost of the converter. Moreover,
achieving high voltage gain requires operation at
extreme duty cycles, which introduces severe diode
reverse recovery issues and elevates power losses.
These challenges render the traditional boost
converter less suitable for use in fuel cell vehicle
systems.

To overcome these limitations, alternative
configurations such as cascaded boost converters have
been considered. While they provide high voltage
gain and a broad input voltage range, they
compromise efficiency and power density due to
increased component stress and complex circuitry.
Similarly, three-level boost converters can alleviate
voltage stress issues but do not significantly improve
the voltage gain compared to the standard boost
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converter.

One straightforward method to attain higher voltage
gain involves cascading multiple boost converter
stages—often re- ferred to as cascade or quadratic
boost converters. However, as the number of stages
increases, so does the component count, leading to
reduced efficiency, increased circuit complexity, and
higher costs. To mitigate these issues, a single-switch
quadratic converter configuration is typically used to
lower the number of components. Nonetheless, this
design results in higher conduction and switching
losses since all cell currents are handled by a single
switch.

To enhance power conversion efficiency under these
conditions soft-switching techniques are adopted. In
particular, Zero Voltage Switching (ZVS) is
implemented to minimize switching losses. However,
this requires the addition of auxiliary switches and a
more sophisticated control strategy, introducing
further complexity to the converter design.

A key advantage of the proposed converter is its
common

ground configuration, which not only simplifies
interfacing with control circuits and sensors but also
minimizes electromagnetic interference (EMI).
Moreover, the converter design achieves low input
current ripple due to the dual-switch architecture
combined with input-side inductance. This ripple
minimization is especially beneficial for fuel cells,
which are sensitive to high-frequency current
disturbances.

Additionally, the incorporation of a voltage multiplier
stage allows for gain expansion without significantly
increasing the duty cycle, overcoming the limitations
of converters operating in the extreme duty range
(close to D — 1). This ensures stable operation,
reduced diode reverse recovery issues, and

lower switching losses.

The performance of the modified converter is
analyzed in Dboth steady-state and small signal
conditions, demonstrating its robustness across wide
input voltage variations. Experimental validation
using a laboratory prototype confirms the analytical
findings. In summary, the proposed converter
architecture presents a cost-effective, efficient, and
scalable solution for high-gain DC-DC conversion in
emerging electric and hy- dro gen fuel cell
vehicles. Its design also holds promise for broader
applications including portable energy systems,
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renewable energy harvesting, and grid-connected
distributed energy resources.

II. METHODOLOGY

The Modified Dual-Switch Boost DC-DC Converter
architecture incorporates two main switches (S1 and
S2), six diodes (D1 through D6), a single inductor (L),
and five capacitors (C1 to C5). This configuration is
designed to enhance voltage gain and reduce
component stress while maintaining a relatively
simple structure. The detailed topology of this
converter is illustrated in Figure 3.6, which highlights
the arrangement and interconnection of all the
components involved.
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Fig. 1. Modified Dual-Switch Boost DC-DC
Converter

A. Modes of Operation

The proposed boost converter operates primarily in
two modes: Continuous Conduction Mode (CCM)
and Continuous Bidirectional Conduction Mode
(CBCM).

1) Mode 1: At time t = t), when switch S is
activated and switches S; and S, are turned ON,
the inductor L begins to
charge. During this interval, diodes D3 and Ds are
forward- biased, while diodes Di, D», D4, and Ds
remain reverse- biased. Capacitors C> and C; are
charged, whereas capacitors C;, Cis, and Cs
discharge. The circuit operation corresponding to
Mode 1 is illustrated in Figure?
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Fig. 2. Operating circuit of of Mode 1
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2)  Mode 2: At time t = t;, when switch S is
turned OFF and switches S and S» are OFF, the
inductor L discharges. During this period, diodes
D1, D>, D4, and D¢ are forward- biased, while
diodes D3 and Ds remain reverse-biased. Ca-
pacitors Ci, Cs4, and Cs charge, whereas capacitors
C, and (3 discharge. The circuit operation
corresponding to Mode 2 is illustrated in Figure?
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Fig. 3. Operating circuit of of Mode 2

Figure 4 illustrates the theoretical waveforms
corresponding to Mode 1 and Mode 2.
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Fig. 4. Theoretical waveform

B. Design of Components

The input voltage is set to V7, = 48 V. The output
power and output voltage are specified as P, =
100 W and ¥V, = 200 V, respectively. The
switching frequency is f; = 50 kHz,

which corresponds to a time period of 7; = 1/f; =
20 ws. Load resistance can be found by the
equation,

Vv,2 2002
Ro= — = = 4002 (1)
Ps 100
Voltage Gain,
V. 4
v = = , D =0.02 (2)

Vin 1-2D
The inductors L is obtained from the following equations.
P 4- /g 4-0.5
" Va 1-2D0 1-2-002
4-lp-(1-D)-D

- = 2mH 4
L>=ptufsa-20 =7 )

[

= 2.08A 3)

It is approximated to 2 mH. The values of the
capacitors are determined using the following
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equations.
ClL Gz VoD )
2T (1-2D) AV R, i

C1 and Cp is taken as 47 uF

4+ Vy+D
c,z ©)
(1-2D)*AVes = R+ fs
» —DxVo ™)
4% R AVeu * f,
2 Vo x(3+2D) %D
$ Z(1-2D)+AVes R+ 1. ®

Cs, C4 and Cs are taken as 100 uf

III. SIMULATIONS AND RESULTS

The Modified Dual-Switch Boost DC-DC Converter
is modeled and simulated using
MATLAB/SIMULINK,  utilizing the  design
parameters specified in Table 1. In this simulation,
MOSFETs are employed as the switching devices,
operating at a fixed switching frequency of 50 kHz.
This simulation setup enables the evaluation of the
converter’s performance under various conditions,
ensuring accurate validation of its voltage gain,
efficiency, and dynamic behavior. In the
simulation, a

TABLE I
SIMULATION PARAMETERS OF MODIFIED DUAL-
SwITCH BoOST DC-DC CONVERTER

Paramitiers | Specification
Ingat woltage Vi, | 4B W
Output valtage ¥, | 200V

Insduscior L | 2000pH,54
Capaciter €y, Oy | 47 uFR150v

Capacitor g, £, Cg | 1000 k. 2508
Switching frequency | 50 kiHz
Quitput koad | 400 0
Dty ratia | 1%

DC input voltage of 48 V was applied to the
converter, and it successfully produced an output
voltage of 200 V while supplying an output power of
100 W. The waveforms for the input voltage and
current are shown in Figure 5, and the output voltage
and current waveforms are presented in Figure 6.
Based on the input and output voltages, the voltage
gain of the converter is calculated as:
Vo 200

= — = 4,17 9
Vin 48 ©)

Voltage Gain=
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Fig. 5. (a) Input Voltage (V;,) and (b) Input
Current (Z;)
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Fig. 6. (a) Output Voltage (Vo) and (b) Output
Current (o)

Figures 7 and 8 illustrate the gate drive signals
and the voltage stresses experienced by the switches
in the converter circuit. The measured voltage stress
across switch S1 is approximately 42.95V, while
switch S2 experiences a slightly higher stress of
around 49.25V.

Vis= 4295V

Time

Fig. 7. Gate Pulse (V1) and Voltage Stress (V1)
of switch S1

Fig. 8. Gate Pulse (V) and Voltage Stress (Vi2)
of switch S2

The voltages across the capacitors are measured as
Veir =48.45V, Vo = 4245V, Ves = 89.04 'V,
Vea = 89.04V,and Ves = 91.7V, as illustrated
in Fig. 8. Fig. 9 presents the current through the
inductor L, showing that the filter inductance
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current Zz is approximately 1.896 A.
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Fig. 9. Voltage across Capacitor (a)Veci, (b)Vea,
©) Ve, (DVes, (e)Ves
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Fig. 10. Current across Inductance (a)iy
IV. PERFORMANCE ANALYSIS

The efficiency of power equipment at any given load
is defined as the ratio of output power to input power.
In this study, the relationship between efficiency and
output power for a Modified Dual-Switch Boost DC-
DC Converter was analyzed under both resistive (R)
and resistive-inductive (RL) loading conditions, as
illustrated in Fig. 11. The converter achieved peak
efficiencies of 93.1% for the R load and 90.4% for
the RL load. The efficiency variation across output
power levels is moderate, particularly around 100 W.
These results indicate that the Modified Dual-Switch
Boost Converter is well-suited for medium-power
applications.
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Fig. 11. Efficiency Vs Output Power for (a) R load
(b) RL load

Figure 12 illustrates the gain of the Modified Dual-
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Switch Boost DC-DC Converter plotted against the
duty ratio. It can be observed that the gain rises with
an increase in the duty ratio.

The plot of output voltage ripple as a function of
duty Ratio
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Fig. 12. Voltage gain VS Duty ratio

for Modified Dual-Switch Boost DC-DC Converter is
shown in figure 13.
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Fig. 13. Output Voltage Ripple VS Duty Ratio

Figure 14 illustrates the output voltage ripple
behavior of the modified boost converter with respect
to varying switching frequencies. It is observed that
the output voltage ripple diminishes as the switching
frequency increases.

o8

e .
e
= o rd

oz = - -

1Ok 15 20 25 S 35 an as S0 55 (=]
Duty Ratio

Fig. 14. Output voltage ripple VS frequency
V. COMPARITIVE STUDY

A comparative analysis between the conventional
Modi- fied Dual-Switch Boost DC-DC Converter and
the proposed enhanced version—both operating
under identical conditions with an input voltage of
48V and a switching frequency of S50kHz—is
presented in Table 2. The results indicate that, with
the duty ratio held constant, the voltage gain
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improves significantly from 4.17 to 8.34 in the
proposed topology. However, this improvement
comes at the cost of increased output voltage and
current ripple, which is a trade-off to consider in
practical applications.

TABLE II

COMPARISON BETWEEN DUAL-SWITCH BOOST DC-
DC CONVERTER& PROPOSED MODIFIED DUAL-
SwitcH BoosT DC-DC CONVERTER

Parsmeters DushSwitch Baoet Modified Duak-Switch
Conrvertar Boost Conwerter
No. of Switches 2 &
Mo, of Inductor 1 1
Mo, of Dicde 4 G
Mo, of Capacilon 3 5
Violtage Gain 4.16 833
Dutput Voltage 200N A0
Peak Creershoot of 458 208,
Inductor Current
Voltage stress 100w S0 of 1) S0W|25% of 1)

Table 3 provides a detailed comparison of the
components used in the proposed Modified Dual-
Switch Boost DC-DC Converter against those in
other converter designs.

TABLE III
COMPARISON BETWEEN MODIFIED DUAL-SWITCH
BoosT DC-DC CONVERTER& OTHER CONVERTERS

Cormerion [hernd Bt Bt Modilied Dual
commer e by D) | ormerlen in (T | coreerlen in 5] | Seeloh Baoged
romeie
1 ' ' 1
N, of Sl hees s i 1 4
' . . '
M, of Dol i 1 ¥ 5
' ' ' 1
Mo, o 2 F; 3 1
Inductons
. . - '
Mo, of 2 ¥ ] -]
CapatRo
Prrders il &l W 00 W 100 W
Voillagr Gan 1=-0 L § =0 1
EY 1=-0 1 =20 o
1=

VI. EXPERIMENTAL SETUP WITH RESULT

For the purpose of implementing hardware, the input
voltage is reduced to 2V and the switching pulses
are generated using TMS320F28335 processor. The
switch used is MOS- FET IRF3205. Driver circuit is
implemented using TLP250H, which is an
optocoupler used to isolate and protect the
microcontroller from any damage and also to provide
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required gating to turn on the switches.

Experimental setup of Modified Dual-Switch Boost
DC-DC Converter is shown in Fig. 15. Input 2V
DC supply is given from DC source. Switching
pulses are taken  from  TMS320F28335

microcontroller to driver circuit. Thus, an output
voltage of 8.6V is obtained from power circuit
that is shown in Fig. 16. Output voltage of converter
is taken from the DSO oscilloscope.

Fig. 15. Experimental Setup

Fig. 16. Output Voltage of Proposed Converter
VII. CONCLUSION

A novel gain-boost converter design with reduced
volt- age stress on the switching components has
been developed and implemented. This topology
integrates features of both switched capacitor circuits
and voltage multiplier cells. Com- pared to
conventional boost DC-DC converters, the proposed
configuration provides a higher voltage gain along
with minimized voltage stress on the switches. The
converter has been simulated and analyzed, and the
results indicate that it achieves an efficiency of 89%
at an output power level of 100W. From the analysis
it can be seen than modified converter achieves a
peak efficiency of 93% for an output power of
100W. The converter was tested with an input
voltage of 2 V and was capable of boosting the
output to a regulated voltage of 9V, confirming its
suitability for high-gain applications. The control
and pulse generation were implemented using a
TMS320F28335 DSP board, which provided precise
PWM gate signals to the switching devices. This
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high-performance digital controller ensured accurate
duty cycle modulation, fast dynamic response, and
stable voltage regulation under varying load
conditions. With its combination of high voltage
gain, compact design, low component stress, and
digital control integration, the proposed converter
topology proves to be an excellent power interface
solution for fuel cell vehicles, photovoltaic energy
systems, and distributed energy resources where high
step-up DC conversion is required.
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