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Reliable DC power is essential for the continuous operation of battery energy storage systems (BESS) in EV systems. Since these 
systems require a specific voltage level that many sources cannot directly provide, an efficient voltage-boosting stage is 
necessary. This paper presents a higher-voltage-gain structure for a non-isolated DC/DC converter with a switched-inductor-
based double-switch configuration to step up a low input voltage to a stable high output suitable for EV applications. The 
proposed converter is analyzed using MATLAB/Simulink to evaluate voltage gain, efficiency, and device stresses. A 100 W 
hardware prototype producing 200 V output is developed for validation. Both simulation and experimental results confirm 
improved voltage regulation and reduced output ripple under varying duty conditions. Overall, the topology provides a practical 
and efficient solution for EV battery energy storage systems. 
 

1. INTRODUCTION 
The growing demand for unpolluted energy and 

sustainable power systems has accelerated the addition of 
renewable energy sources (RES), for example, solar PV 
systems, fuel cells, wind energy conversion systems, and 
energy storage devices. These sources generally produce 
relatively low DC power that must be boosted to high 
voltage (HV) levels before they can be effectively utilized 
in practical applications, such as DC microgrids, electric 
vehicles (EVs), and hydrogen production systems. 

An analog active cell-balancing circuit intended for 
automotive battery management system (BMS) applications 
was introduced in [1]. The proposed scheme employed a 
boost-converter-based balancing method to enhance the 
operation of series-connected lithium-ion batteries during 
charging and discharging. Nevertheless, the study primarily 
emphasized battery balancing functionality and did not 
focus on step-up gain DC/DC converter design for EV 
applications. Latreche et al. [2] introduced a synergetic 
control approach for regulating a DC/DC boost converter 
system to achieve improved voltage stability and faster 
transient performance. The developed controller provided 
better dynamic response under varying load conditions.  

Researchers have introduced several advanced power 
converter configurations that integrate with switched 
capacitors (SC), switched inductors (SI), and networks with 
one-switch converter topology proposed in [3], and then a 
family of integrating active clamp circuit networks (ACCN) 
and voltage multiplier (VM) for higher-voltage and higher-
power applications has been clearly described in [4].  

A high-step-up DC/DC converter with a soft-switching 
configuration was presented in [5] to achieve improved 
conversion efficiency and continuous input current (CIC) 
characteristics for renewable energy systems. Subsequently, 
a reconfigurable high step-up converter with fault-tolerant 
operation and lower voltage stress was developed in [6] to 
enhance converter reliability under abnormal conditions. In 
addition, an ultra-high gain quadratic DC-to-DC converter 
based on coupled inductors and voltage multiplier cells was 
introduced in [7] to achieve superior voltage boosting 
capability.  

However, the topologies discussed in [5,7] involve a 
higher number of passive and magnetic elements, leading to 
increased converter complexity. A quasi-impedance 

network (QIN) converter incorporating a voltage spike 
suppression technique was presented in [8] to provide a 
higher-boost ratio with lower switch stress and enhanced 
power converter performance. Similarly, [9,10] presented 
high-gain step-up converter designs capable of achieving 
improved voltage-boosting performance while maintaining 
reduced power-device stress.  

Furthermore, comprehensive reviews of HV converter 
topologies have highlighted the importance of efficient 
converter design for modern renewable systems. The 
converters presented in [8–10] employed extra passive and 
magnetic elements, which leads to increased overall 
converter complexity. An expandable higher-voltage-gain 
DC/DC converter with improved efficacy, low voltage 
stress, and voltage gain was presented in [11]. The works 
reported in [12,13] mainly investigated boost and multilevel 
converter configurations for photovoltaic systems to 
enhance energy extraction capability and power quality. 
Moreover, a SEPIC-based power-factor-correction topology 
employing sliding-mode control was developed in [14] for 
EV charging applications.  

Hannan et al. comprehensively reviewed power 
electronic converter topologies for hydrogen energy 
systems, emphasizing that high-efficiency DC–DC 
converters are essential for providing the stable DC voltage 
required by electrolyzer applications [15]. A mixture zeta-
boost converter configuration engaging an active quad 
switched-inductor configuration was presented in [16] to 
obtain enhanced voltage gain and better conversion 
performance. [17] proposed a hybrid transformerless DC–
DC converter capable of achieving high voltage gain while 
minimizing semiconductor voltage stress, making it suitable 
for high-power conversion applications. [18] developed a 
single-switch hybrid Boost–Ćuk DC–DC converter that 
delivers high conversion efficiency and substantial voltage 
gain with a simple and compact circuit configuration.  

A coupled-inductor-based non-isolated super ultra-high 
step-up dc to dc converter was discussed in [19] to obtain 
high voltage gain with minimized switch stress. The studies 
in [20,21] introduced cascade and enhanced high step-up 
converter structures with leakage energy recovery to 
improve boosting capability and conversion efficiency. 
Moreover, bidirectional DC-DC converter configurations 
for EV applications were discussed in [22,23], respectively. 
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Fig. 1 – Typical application of proposed system. 

Difficulties remain in attaining improved efficiency 
with HV gain while keeping low potential stress across 
power components and stable operation under varying load 
conditions. Therefore, further investigation of advanced 
converter structure is necessary to meet the requirements of 
battery management system (BMS) and in the automotive 
industry applications, as demonstrated in Fig. 1. Motivated 
by these considerations, this studies the design and 
performance assessment of a high-voltage gain with future of 
DC/DC converters with non-isolated structures are highly 
suitable to real-world power conversion answer for HV DC 
battery energy storage system (BESS) in EV applications for 
ensuring smooth and reliable operation of BESS. 

2. ANALYSIS OF PROPOSED CONVERTER 
The configuration of the recommended non-isolated HV 

power DC-DC converter network is illustrated in Fig. 2.  

 
Fig. 2 – Circuit diagram of proposed system. 

The proposed network structure consists of two active 
power electronics switches, S1 and S2, three energy storage 
elements (inductors L1, L2, and L3, three capacitors C1, C2, 
and C3, and six diodes (D1-D6) to create a current path D1-
D6. A resistive load RL is attached to the end of the system. 
To attain a higher voltage adaptation ratio, a switched-
inductor cell is incorporated into the proposed novel circuit 
topology. The proposed novel HV gain converter is 
formulated to operate with a minimal duty cycle while still 
maintaining an HV gain. Both switches are driven 
simultaneously, which simplifies the control strategy and 
reduces the complexity of the switching circuitry. The 
simultaneous switching technique is adopted in the 
proposed converter to simplify the gating structure and 
achieve synchronized operation of both MOSFET switches. 
In real-time implementation, slight switching delays may 
arise from the propagation delay of the driver and the 
inherent switching characteristics of the MOSFET. These 
effects are mainly influenced by the devices' parasitic 
capacitances, gate charge properties, switching frequency, 
and manufacturing tolerances. Moreover, the projected 
converter system operates at a medium switching frequency 

and employs identical gate drivers with matched MOSFET 
devices, thereby minimizing delay variation and 
maintaining stable converter performance. The operation of 
the HV gain converter is examined through CIC during 
steady-state conditions. For simplifying the theoretical 
analysis, all power switching devices, including diodes and 
switches, are ideal. 

The operation of the proposed DC-DC high-boost system 
can be explained in terms of two distinct operating 
intervals, namely Mode-I and Mode-II. 

2.1 MODES OF OPERATION  
The first operating interval corresponds to Mode-I under 

CIC, as illustrated in Fig. 3 (a). During this interval, both 
power-electronic controlled switches S1 and S2 are ON 
simultaneously. As a result, diodes D1 and D3 become 
forward-biased, whereas diodes D2, D4, D5, and D6 remain 
in a reverse-biased condition. In this state, the input sources 
supply energy to inductors L1 and L2, causing them to store 
energy. At the same time, inductor L3 is energized by the 
capacitors C1 and C2. During this interval, the capacitor C3 
discharges its stored energy to the output, thereby 
maintaining the resistive load current. The equivalent 
circuitry of this operating condition is shown in Fig. 3 (a).  

 
(a) 

 
(b) 

Fig. 3 -(a) Mode I and (b) Mode II operation. 

The second operating interval, referred to as Mode-II, is 
illustrated in Fig. 3 (b); both power control switches S1 and 
S2 are in the OFF condition. Consequently, diodes D2, D4, 
D5, and D6 become forward-biased, while power diodes D3 
and D1 remain in a reverse-biased condition. In the course 
of this stage, the energy kept in inductors L1 and L2 is 
transmitted to capacitors C1 and C2 via diodes D2 and D4, 

resulting in their charging condition. Simultaneously, the 
energy stored in inductor L3 is distributed to the output 
capacitor C3 via power diode D6. The corresponding circuit 
representing this operating condition is displayed in Fig. 3 
(b). The operating modes confirm that the proposed 
converter achieves effective energy transfer with enhanced 
voltage boosting capability for EV applications. 

The corresponding mathematical eq. (1)-(3) for Mode-1 
and eq. (4)-(6) for Mode- II can be derived using KLV as, 

For Mode-1 
𝑣!" = 𝑣#!, (1) 

𝑣!" = 𝑣#", (2) 
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−𝑣$! − 𝑣$" = −𝑣##, (3) 

For Mode-II 
𝑣!" − 𝑣## = 𝑣$#, (4) 

𝑣!" − 𝑣#! − 𝑣#" = 𝑣$!, (5) 

𝑣!" − 𝑣#! − 𝑣#" = 𝑣$". (6) 

The derived equations eq. (1)-(7) confirm the stable 
operation with high gain of the proposed system. 

2.2 COMPUTATION OF OVERALL VOLTAGE GAIN 
The voltage transformation rate of the recommended 

novel system operating in CIC can be determined based on 
the volt-second balance principle on inductors L1 to L3. By 
considering the equation derived for Mode-I&II, given in 
eq. (1)-(6), under steady-state conditions, the voltage gain is 
expressed as eq. (7) as below, 

𝑣%
𝑣!"

=
(1 + 𝐷)&

(1 − 𝐷)& .
(𝟕) 

2.3 CHIEF OPERATING WAVEFORMS 
Figure 4 exemplifies the Chief operating waveforms of 

the proposed HV gain DC/DC converter system. 

 
Fig. 4 – Chief operating waveforms. 

It ensures the proper charging and discharging behavior 
of the inductive/capacitive elements, conditional on the 
gating pulses given to the power switches. 

2.4 VOLTAGE AND CURRENT STRESS ACROSS 
POWER ELECTRONICS DEVICES 

The analysis of voltage and current stresses can evaluate 
the performance of the proposed high-gain converter. The 
input-side diodes D1, D2, and D3 are subjected to 
comparatively low voltage stress, whereas the potential 
stress across diode D4 is identical to that of power control 
switch S1 because of their parallel connection. On the other 
hand, the output-side diode D6 experiences high voltage 
stress, which is nearly half of the load voltage. In terms of 
current stress, the input-side switches and diodes carry 
relatively higher current, while the output-side devices 
mainly conduct the load current. The corresponding stress 
values of the proposed converter are listed in Table 1. 

The derived current/voltage stress equations indicate that 
the proposed converter maintains acceptable voltage and 
current stress levels across the power devices. 

Table 1 
Potential and current stress on power devices of proposed topology. 

Components Potential stress Current stress 

 
 

Switch 1,2 

𝑣!! = 𝑣"#
(1 + 𝐷)
(1 − 𝐷) 𝐼$! =

𝐼"#
2  

𝑣!" = 𝑣"#
(1 + 𝐷)%

(1 − 𝐷)% 𝐼$" =
(𝐷 − 1)	𝐼"#

3𝐷  

 
 
 
 
 
 

Diodes 1 to 6 

𝑣&! = 𝑣&" = 𝑣'
(1 − 𝐷)%

(1 + 𝐷)% 𝐼&! =
𝐼"#
2  

𝑣&# = 	𝑣'
(1 − 𝐷)%

(1 + 𝐷)% 𝐼&% = 𝐼"# 

𝑣&$ = 𝑣&% = 𝑣"#
(1 + 𝐷)
(1 − 𝐷) 𝐼&# =

𝐼"#
2  

𝑣&& =
3(1 + 𝐷)
(1 − 𝐷)  

𝐼&$ =
(2 − 𝐷)	𝐼"#
6𝐷 − 2  

𝐼&% =
(2 − 𝐷)	𝐼"#
6𝐷 − 2  

𝐼&& =
(𝐷 − 1)	𝐼"#

3𝐷  

2.5 SELECTION OF COMPONENTS 

2.5.1 INDUCTOR DESIGN 
Proper inductor selection is important to improve the 

reliability of the converter and to minimize current ripple, 
while also decreasing the converter weight and size. During 
Mode-1, inductors L1 and L2 experience the input voltage 
VIN. Assuming L1 = L2, the required inductance values are 
obtained as in eq. (8), where ΔIL represents the amount of the 
ripple content of inductors L1 and L2, and fs is the switching 
frequency of the MOSFET. During Mode-II, inductor L3 is 
subjected to the output voltage VO over the time interval (t). 
The value of L3 can be calculated as in eq. (9). 

L' = L& =
v()D
ΔI*f+

, (8) 

L, =
2(1 + D)V()D
(1 − D)ΔI*#f+

. (9) 

2.5.2 CAPACITOR DESIGN 
The required capacitance values can be designed depending 

on the acceptable potential ripple content and switching 
frequency. The elements of capacitors C1, C2, and C3 are 
calculated from the source current and duty ratio. The design 
expressions are given in eq. (10)-(12), where ΔV represents the 
permissible values of potential ripples for capacitors. 

C' =
I()(2 − D)D

(6D − 2)DΔV'f+
, (10) 

C& =
I()(2 − D)D

(6D − 2)DΔV-"f+
, (11) 

C, =
I%D

DΔV-#f+
. (𝟏𝟐) 

The obtained inductor and capacitor values confirm the 
fitness of the proposed system with small ripples. 

3. DISCUSSIONS ON SIMULATION OUTPUTS AND 
HARDWARE RESULTS 

A MOSFET operating frequency of 20 kHz was 
designated to provide a suitable trade-off between 
efficiency and converter size. Operating at lower 
frequencies requires large passive components, whereas 
higher frequencies increase semiconductor stress and 
heating. Therefore, 20 kHz offers satisfactory converter 
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performance with manageable efficiency, stress, and 
compact component design. The performance of the high-
gain novel converter is evaluated through simulations 
carried out in MATLAB. To confirm the simulation 
outcomes, a hardware setup model of the system is also 
developed and confirmed. The values of parameter settings 
used during the simulation study are provided in Table 2. 

Table 2 
System parameter values used in simulation 

Parameters Values 
Vin 20V 
L1,2 0.5 mH 
L3 1.5 mH 
C1 470 μF 
C2 470 µF 
C3 100 μF 
Vo 200 V 

Pout 100 W 
fs 

RL 
20 kHz 
400 Ω 

3.1 SIMULATION OUTCOMES UNDER CLOSED 
LOOP CONDITION 

To maintain a stable output voltage level of 200V under 
different operating condition, during a PI controller is 
employed in the simulation. Figure 5 shows the desirable 
output voltage waveform of the proposed novel HV gain 
converter working under closed-loop control. The converter 
attains the desired output voltage level of 200V at a rated 
resistive load value of 400 W within approximately 0.3 s, 
while maintaining very minimal voltage ripple. 

 

Fig. 5 – Output waveform under closed-loop condition. 

 
Fig. 6 –Performance of the proposed converter under load variation. 

To evaluate the dynamic behavior of the proposed 
converter, sudden changes in load conditions were 
introduced during the simulation analysis. The assessment 
of the DC/DC converter system was examined through 
output voltage and output characteristics, as demonstrated 
in Fig. 6. Initially, the converter operated with a 400 Ω 
resistive load, and at t = 1 s, the load resistance was 
changed to 800 Ω, representing a 200% variation from the 

initial load condition. Following this transition, the load 
voltage increased to nearly 283 V, while the output current 
gradually decreased and settled at approximately 0.35 A. 
These results demonstrate that the converter maintains 
stable operation and satisfactory regulation performance 
under varying load conditions 

3.2 HARDWARE RESULTS AND DISCUSSIONS 
The hardware prototype was realized using a regulated DC 

power supply (RPS), digital storage oscilloscope (DSO), and 
measure the voltage across the resistive load, capacitors, diodes 
and then switches using voltage sensing probes. Similarly, 
inductor current was measured using a current-sense probe, and 
a MOSFET gate-driver circuitry was used to generate the 
gating pulse for the power switch; a digital multimeter was used 
to measure the voltage across each power component. All 
experiment measurements and waveform analyses were 
performed under steady-state conditions. The proposed 
converter was verified with a source voltage of 20 V to obtain a 
load voltage of 200 V at a MOSFET operating frequency of 20 
kHz and a duty cycle of 52%. The prototype employed L1 and 
L2 inductors of 0.5 mH, L3 of 1.5 mH, C1 and C2 capacitors of 
470 µF, and C3 of 100 µF. Experimental validation was carried 
out at a rated output power of 100 W with a 400 Ω load 
resistance. In addition, the output voltage characteristics were 
observed under open-loop conditions. The voltage and current 
signals were captured using calibrated probes interfaced with 
the oscilloscope to ensure reliable evaluation of the converter 
performance. 
 

 
Fig. 7 – Hardware step-up. 

The load current of the new converter is 0.5 A. The hardware 
provisions of the proposed converter are listed in Table 3. 

Table 3  
Hardware specifications of the proposed converter 

Component Rating 
Fast Recovery diode 6A10 (1000 V & 10 A) 

Switch MOSFET IRF540N (100 V & 33 A) 
Inductor 0.5 mH, 0.5 mH, 1.5 mH 

Capacitor 1000 µF, 1000 µF, 2200 µF 
 

Figure 8 presents the gating signal along with the 
matching output voltage waveform. The current in the 
inductors L1, L2, and L3 is illustrated in Figs. 9, 10, and 11, 
respectively. The potential levels on the power control 
switches and diodes are shown in Figs. 12 to19. These 
figures indicate that the potential stress is on diodes D1 to D6. 
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Fig. 8 –Output voltage. 

 
Fig. 9 – Current flow through inductor L1. 

 
Fig. 10 –Current flow through inductor L2. 

 
Fig. 11 – Current flow through inductor L3. 

 
Fig. 12 –Voltage across switch S1. 

 
Fig. 13 – Voltage across switch S2. 

 

 

Fig. 14 –Voltage across Diode D1. 

 

Fig. 15 –Voltage across Diode D2. 

 

Fig. 16 –Voltage across Diode D3. 

 

Fig. 17 –Voltage across Diode D4. 

 
Fig. 18 –Voltage across Diode D5. 

 

Fig. 19 –Voltage across Diode D6. 

4. CONCLUSIONS 
A transformer-less quadratic DC/DC high gain converter 

intended for BESS application in this work. The proposed 
topology utilizes switched inductor and capacitor 
configurations to attain a higher output voltage adaptation 
ratio while maintaining a simple circuitry structure. The 
operating principles and performance characteristics of the 
converter were investigated through both simulation and 
hardware implementation. The proposed converter was 
operated with a 20 V input supply and generated an output 
voltage of 200 V and an output power of 100 W at a duty 
cycle of 52%. To examine the dynamic response, the 
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converter was tested with varying load conditions by 
changing the resistive load from 400 Ω to 800 Ω. Under this 
condition, the load voltage amplified to nearly 283 V, 
whereas the output current reduced and settled around 0.35 
A, indicating satisfactory regulation and stable converter 
operation. The proposed system operated at a MOSFET 
operating frequency of 20 kHz, which offered a balanced 
compromise between converter efficiency and passive 
component size. In addition, simultaneous switching 
operation simplified the control circuit and reduced 
switching control complexity. The experimental 
observations were found to match the simulation outcomes, 
confirming the soundness and reliability of the converter 
design. Despite the advantage of ultra-voltage gain and 
reduced structural complexity, certain practical limitations 
were observed, including increased voltage stress across 
semiconductor devices and switching losses during high-
frequency operation. Therefore, further research can be 
directed toward improving efficiency, minimizing device 
stress, and enhancing converter performance for higher 
power applications. Overall, the proposed converter 
topology provides an effective solution for battery energy 
storage systems requiring high step-up voltage conversion 
and stable operating performance in EV applications for the 
automotive industry. 

Future work can focus on extending the new converter to 
ultra-high power for automotive applications. Advanced 
control techniques can be introduced to improve voltage 
regulation and dynamic response. Further investigation into 
thermal performance will help evaluate its suitability for 
continuous operation. In addition, reducing component size 
and improving power density can make the converter more 
compact and economical.  
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