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Abstract: The rapid rise of electric vehicles (EVs) presents a sustainable alternative to
traditional internal combustion engine (ICE) vehicles, significantly reducing greenhouse gas
emissions and improving overall vehicle efficiency. This paper investigates the critical role of
power electronic converters, especially DC-DC converters, within EV powertrains.
Emphasizing the necessity of achieving appropriate voltage levels for battery and motor
operation, it explores conventional and advanced DC-DC converter topologies, including the
conventional boost converter (BC) and the interleaved four-phase boost converter (IBC).
Additionally, the paper highlights the growing importance of wide bandgap semiconductors
(WBGSs) such as silicon carbide (SiC) and gallium nitride (GaN) in enhancing converter
performance by enabling higher switching frequencies, improved thermal operation, and
reduced losses. Through a comprehensive analysis, the study reveals the potential of WBGSs
to improve the efficiency and reliability of EV charging systems, power converters, and electric
motors, making them crucial for future EV advancements. This work aims to underline the
importance of power electronic converter design and control in shaping the future of electric
vehicles.

Keywords: Transportation electrification; Electric vehicles; Power converters; Third harmonic
injection; Multi-level inverter

1. Introduction

The past decade has witnessed a surge in the electric vehicle (EV) market, driven by their eco-
friendliness, ample resources, and status as counterparts to traditional gasoline-powered
internal combustion engine (ICE) vehicles. Notably, in 2020, the transportation sector
contributed 27% of total greenhouse gas (GHG) emissions in the US [1]. Opting for electrified
automobiles over conventional ones emerges as a compelling choice due to their ability to
address issues associated with GHG emissions from traditional vehicles. Furthermore,
electrified cars enhance efficiency, acceleration, overall performance, while simultaneously
eliminating harmful GHG emissions and reducing maintenance costs [2].

A comparative analysis between EVs and ICE vehicles, focusing on an 845 km inter-city
journey time, revealed that based on current battery capabilities, power charges exceeding 400
kW are necessary to achieve comparable travel times between the two types of vehicles [3].
The proposed solution to this challenge involves the utilization of high-speed chargers (XFCs)
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capable of providing at least 800 V direct current (DC) at the output [4]. The entire power
supply system of an EV is divided into three segments: (i) the battery charging system, (ii) the
powertrain, and (ii1) regenerative braking, as illustrated in Figure 1. In this system, a specific
DC-DC converter may be required for integrating individual energy sources into the high-
voltage (HV)-DC bus of the EVs and plug-in hybrid electric vehicles (PHEVs) powertrain [5].
Looking ahead to 2023, a critical aspect in developing EVs lies in the battery charging system.
This system charges all input sources, such as batteries and supercapacitors, via an AC-DC
rectifier from the three-phase AC grid. The EV charging system, known as conductive
charging, is broadly categorized as onboard and offboard charging systems. Onboard chargers
are internal to the EV, while offboard chargers are external to the vehicles [6].

In the EV powertrain, each electric input source is connected to a high-voltage DC (HV-DC)
bus via its own DC-DC converter, which powers the main load, the three-phase electric motor
(EM) [7]. The primary load of the EV, the three-phase electric motor (EM), draws power from
this HV-DC bus via a three-phase inverter. The voltage level of the EV's HV-DC bus typically
falls within the range of 400—750 V. When propelling the EV with an EM sourced from electric
batteries, a DC-DC voltage becomes imperative as the batteries' output voltage is notably lower
than the EM's required voltage. To propel the EM, a traction inverter is essential, converting
the DC batteries into variable-frequency alternating current (AC) [8]. Yet, an alternative
viewpoint suggests raising the output AC voltage level of the inverter using a high-voltage
transformer instead of a DC-DC converter, leveraging advantages like reliability, cost-
effectiveness, compact size, and reduced weight—making DC-DC converters prime candidates
for EV and hybrid electric vehicle (HEV) power trains [9].

Addressing drawbacks in charging power converters, wireless power transfer, energy storages,
and electric motors can be achieved through the application of wide bandgap semiconductors
(WBGSs) such as gallium nitride (GaN) and silicon carbide (SiC) based devices [10]. WBGS-
based power converters, encompassing rectifiers, DC-DC converters, and inverters, offer
numerous advantages, including higher switching frequencies, enhanced temperature
operation, and lower losses compared to their silicon counterparts. Published wireless charging
systems for electric vehicles, buses, fleets, and trucks, with power levels ranging from 50 kW
to 500 kW, have demonstrated efficiency levels around 91-97%, emphasizing the role of
WBGS semiconductor devices [11]. In motor drives, the use of WBGS semiconductor devices
yields advantages such as low switching and conduction losses, high power density, lower ON-
state resistance, and high-temperature operation [12]. This review explores a comprehensive
comparison among GaN, SiC, and Si, highlighting the dominance of WBGSs due to faster
switching frequency, reduced losses, and increased efficiency over silicon semiconductors. The
current commercial progress positions silicon carbide (SiC) and gallium nitride as the most
promising WBGS options today [13].

Chargers, whether onboard or offboard, serving EVs are high-power converters facilitating AC
to DC and DC to DC power conversions. These converters act as the crucial interface directing
the required power to be stored in batteries, sustaining the operation of an EV. Therefore,
understanding the charging characteristics of the converter topology, control methods, thermal
attributes, switching losses, and efficiency becomes paramount for the proper functioning of
EVs, intricately linked to the power system demand scenario. This paper seeks to underscore
the significance of power electronic converters and their control in forecasting electric vehicle
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applications. This HV-DC bus through a three-phase inverter which drives the EM [14]. Here,
the voltage level of this HV-DC bus of the EV is around 400-750 V. Moreover, moving the
EV via an EM from electric batteries, a DC-DC voltage is required because the batteries’ output
voltage is much lower than the required voltage of EM. A traction inverter is needed to drive
the EM by converting the DC batteries into variable-frequency AC. However, a disagreement
could be made for stepping up the output AC voltage level of the inverter by utilizing a high-
voltage transformer instead of a DC-DC converter. This is due to it having several essential
advantages, such as reliability, cost-effectiveness, compact size, and lightweight DC-DC
converter appears to be an excellent candidate for EV and HEV power trains [15].
Furthermore, the demerits of the charging power converters, wireless power transfer, energy
storages, and electric motor can be overcome by utilizing wide bandgap semiconductors
(WBGSs), such as gallium nitride (GaN) and silicon carbide (SiC) based devices [16].
Numerous advantages, including higher switching frequencies, higher temperature operation,
lower losses, etc., can be achieved by WBGS-based power converters, such as rectifiers, and
DC-DC converters and inverters, over silicon semiconductor device-based power converters
[17]. In several wireless charging systems with 50 kW, 60 kW, 100 kW, 200 kW, 250 kW, and
500 kW power levels were published for electric vehicles, buses, fleets, and trucks with and
without wide bandgap (WBG) semiconductor devices. They have also depicted that the
efficiency of these wireless charging systems remains around 91-97%. In motor drives, several
advantages, such as low switching and conduction losses, high power density, lower ON-state
resistance, and high-temperature operation, can be achieved by utilizing wide band gap
semiconductor devices [18]. Moreover, this review paper discusses the comparison among
GaN, SiC, and Si with the current status, challenges, and different WBG semiconductor trends.
The comparison showed that the WBGSs provide tremendous advantages, such as faster
switching frequency, lower loss, and higher efficiency over silicon semiconductors [19]. Due
to these characteristics and the commercialization progress of silicon carbide (SiC) and gallium
nitride, they are considered the most promising WBGS nowadays.

Onboard and/or offboard chargers that are utilized are high-power converters, where AC to DC
and DC to DC power conversion occurs. These converters are the interface that channels
required power to be stored in batteries to run an EV. Thus, information regarding charging
characteristics of the converter topology, control method, thermal attributes, switching losses,
and efficiency is vital for the EV to work properly, which is, in fact, directly related to the
power system demand scenario. Therefore, this paper aims to value the importance of power
electronic converters and their control in the forecast of electric vehicle applications.

2. DC-DC Converter

Attaining the ideal voltage level is crucial for the functioning of electric vehicles (EVs), since
excessive power can cause harm to the gadget, while inadequate power makes it nonfunctional.
In order to tackle this difficulty, a DC-DC converter is utilized for the purpose of mitigation
[20]. In electric vehicle (EV) installations, the voltage levels of battery storage and
supercapacitors (SCs) often fall within the ranges of 250-360 V and 150—400 V, respectively.
On the other hand, electric motors require an operating voltage of around 400-750 V, which is
much higher than the voltage levels of batteries and supercapacitors. Therefore, it is necessary
to incorporate a high step-up voltage DC-DC converter into electric vehicle powertrains in
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order to increase the voltage levels of the battery and supercapacitor. Figure 1 depicts the
categorization of DC-DC converter configurations, highlighting the light-blue alternatives that
are acknowledged for their suitability with electric vehicle powertrains because of their
advantageous performance characteristics [21]. For a thorough examination and evaluation of
various DC-DC converter structures, which encompass methods for increasing voltage, as well
as their uses and efficiency, refer to reference [22].
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Figure 1: Classification of DC-DC converter topologies [6]

2.1 Conventional Boost DC-DC Converter (BC)

Figure 2 depicts a conventional step-up or pulse-width modulation (PWM) boost converter
setup. It consists of a DC input voltage source (Vs), an energy storage component (inductor
and capacitor), a controlled switch (such as MOSFET or IGBT) represented as Q, a diode D, a
filter capacitor C, and the load (electric motor). The output voltage of a boost DC-DC converter
continuously surpasses the input voltage, which justifies its classification as a "Boost"
converter [23]. The typical boost converter provides several benefits, including simple
circuitry, cost reduction due to fewer components, effective filtering for electromagnetic
interference, and good overall efficiency [24]. However, the converter has limits in attaining a
substantial increase in voltage. Extra precautionary steps are required to prevent short circuits,
necessitating a parallel configuration of power-switching devices to manage high power.
Furthermore, the system demonstrates significant size and mass as a result of employing a
sizable capacitor to eliminate output voltage fluctuations. Maintaining a consistent output
voltage in the face of fluctuations in the input power source presents a significant obstacle. The
presence of nonlinearities, such as bifurcation, multiple equilibrium points, periodic behavior,
and chaos, inherent in DC-DC converters makes it challenging to design a high-performance
control system for them [25]. There are two main types of controllers: voltage mode controllers
and current mode controllers. The extensive advantages of current mode controllers have led
to their ubiquitous usage in DC-DC converters [26].
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Figure 2: Conventional Boost DC-DC Converter [27]
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The study described in reference established sophisticated control system design methods for
typical DC-DC boost converter topologies, with the goal of tackling intrinsic difficulties. The
investigated cutting-edge techniques comprise sliding mode control (SMC) [27], model
predictive control (MPC) intelligent fuzzy logic/control systems and fractional-order
proportional-integral-derivative (FOPID) control systems [28]. Every solution has distinct
benefits to address the problems related to traditional DC-DC boost converters. The SMC
approach exhibits resistance to changes in internal parameters, insensitivity to external shocks,
rapid reaction to transitory conditions, and the capacity to quickly improve resilience against
nonlinear uncertainty. Meanwhile, Model Predictive Control (MPC) demonstrates exceptional
proficiency in incorporating state variables and input limitations during the design stage,
successfully overseeing control of the conventional DC-DC converter. Due to their efficiency,
simplicity, practicality, and ease of tuning, fuzzy logic-based PID control systems are
extensively utilized [29].

2.2 Interleaved Four-Phase Boost DC-DC Converter (IBC)

The interleaved boost converter, depicted in Figure 3, incorporates parallel boost or step-up
converters to evenly distribute the current over a parallel link. By dividing the current, power
losses are minimized and current strains are efficiently reduced [30]. The interleaved four-
phase boost DC-DC converter (IBC) is equipped with four identical inductors (L1, L2, L3, L4)
distributed throughout four step-up levels. The objective of this design is to reduce the weight
of the conductor and minimize fluctuations in input current. It achieves this by using four
power-switching devices in parallel to sequentially shift the phases, together with diodes and a
filtering capacitor to eliminate fluctuations in the output voltage. The IBC design utilizes
unique magnetic cores in each inductor to maximize energy storage and release. This allows
for the amplification of the voltage level by almost four times [31]. The four-phase interleaved
boost DC-DC converter is highly preferred for electric vehicles (EVs) because it allows for
smaller inductors and output capacitors, significantly reduces input current and output voltage
ripples, and improves the overall efficiency of the system [32].

EM

Figure 3: Four-phase Interleaved DC-DC Boost converter [33]

Although the IBC has advantages, it is sensitive to changes in the duty cycle, incurs large
expenses, and may have an influence on the magnetic core when load alterations occur [34].
Several improved control strategies have been suggested to stabilize the interleaved multi-
phase boost converter against notable disturbances [35]. The mentioned control techniques are
model predictive control fuzzy controller, sliding mode control (SMC) and PI hybrid controller,
high-order sliding mode control (HOSMC), and active disturbance rejection control (ADRC)
[36]. A significant advancement occurred with the introduction of a sophisticated hybrid Super-
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Twisting (ST) ADRC dual-loop controller. The ST-ADRC controller demonstrated resilience
against variations in input voltage and load disturbances, improved accuracy in voltage
tracking, and a more significant decrease in both recovery time and voltage fluctuations when
compared to traditional control systems. The implementation of the converter was
demonstrated to greatly improve the control performance, as evidenced by [37].

2.3 Boost DC-DC Converter with Resonant Circuit (BCRC)

Conventional boost DC-DC converters commonly use hard switching, resulting in higher
switching losses in battery electric vehicle (BEV) and plug-in hybrid electric vehicle (PHEV)
powertrains. In order to tackle this problem, DC-DC converter topologies utilize a soft-
switching architecture to minimize switching losses. Soft-switching is a technique where the
voltage or current across the switch reaches zero when it is being turned on or off. As a result,
when the voltage and current are multiplied together, the outcome is zero, leading to no power
losses. By minimizing switching losses, the converter is able to operate at high switching
frequencies, resulting in a reduction in the size of the heatsink and overall volume of the
converter [38]. Figure 4 depicts the soft-switching arrangement of the boost DC-DC converter
with the resonant circuit. It consists of two switching devices: the primary switch Q1 and the
auxiliary switch Q2.
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Figure 4: DC-DC Boost Converter with Auxiliary Resonant Circuit [6]

The soft-switching architecture, in conjunction with the resonant circuit, offers a safeguard
against irregularities in load power, hence guaranteeing elevated safety requirements.
Nevertheless, it is important to mention that the Boosted Resonant Circuit (BCRC) is not
compatible with high-power electric vehicle (EV) powertrains and does not have
bidirectionality support. Soft-switching techniques are recognized as the most efficient method
for improving efficiency and reliability in electric vehicle DC-DC converters by reducing
switching losses [39]. The challenge of building a control system for soft-switching DC-DC
converters stems from the requirement of accurately controlling many switches and timing that
depends on the load.

A robust control approach is necessary for the soft-switching DC-DC converter of an electric
vehicle to address transitory needs such as voltage matching, power transfer, and response time
in the face of system uncertainty. It is essential because the converter needs to function properly
when there are unpredictable changes in the load of electric vehicles. The study described in
the reference examined and executed an analysis of a proportional-integral (PI) controller for
a soft-switching boost DC-DC converter that incorporates an auxiliary resonant circuit. By
doing simulations and experiments, it was confirmed that the controller greatly enhanced the
efficiency of the system. A separate study conducted in [40] examined various time domains
between PI and fuzzy logic controllers for soft-switching bidirectional DC-DC converters in

6 Scholarly Publication



Radius: Journal of Science and Technology 1(1) (2024) 241005 Bhargava et al.

electric vehicles. The results indicated that the fuzzy controller had superior performance
compared to the PI controller during the settling and peak overshoot rise.

2.4 Isolated ZVS DC-DC Converter (ZVSC)

In order to meet the demands of isolation, cold beginning, and soft switching, it is necessary to
utilize an isolated zero-voltage switching DC-DC converter (ZVSC). The configuration of a
standalone Zero Voltage Switching Converter (ZVSC) is depicted in Figure 5, showcasing a
dual half-bridge architecture on both ends of the transformer. Each power-switching device in
this setup is equipped with a parallel capacitor to enable soft-switching. The ZVSC, which is
isolated, has several benefits such as a simple control technique, improved efficiency, natural
soft-switching without the need for extra circuitry, higher power density, fewer components,
compact packaging, and a lightweight design. Crucially, it prevents actual device rating
repercussions in comparison to conventional full-bridge DC-DC converters [33].
Nevertheless, despite these advantages, ZVS converters are not suited for high-power electric
vehicle (EV) applications that surpass 10 kW. This constraint derives from the lack of a
tolerance operation and the presence of high voltage stress across the power-switching devices.
In order to manage the total current flowing through the switches (Q1-Q4), it is necessary to
divide the DC capacitors (C1-C4). Furthermore, the inclusion of a bigger capacitor is necessary
in order to effectively reduce the fluctuations in the output voltage, as indicated by references.

Figure 5: Isolated Zero Voltage Switching (ZVS) DC-DC Converter [33]

3. Conclusions

The continued evolution of electric vehicles (EVs) hinges on the optimization of power
electronic converters, particularly DC-DC converters, which play a pivotal role in ensuring the
efficient integration of various energy sources within the powertrain. The comparison of
conventional and advanced converter topologies is given in Table 1 which reveals that while
traditional converters like the boost DC-DC converter offer simplicity and cost-effectiveness,
advanced designs such as the interleaved four-phase boost converter provide superior
efficiency and reduced power losses. Furthermore, wide bandgap semiconductors (WBGSs),
especially silicon carbide (SiC) and gallium nitride (GaN), are proving to be transformative in
elevating converter performance, offering significant gains in terms of switching speed,
thermal endurance, and overall system efficiency. As EV technologies progress, the
deployment of WBGS-based power converters will be key to overcoming challenges related to
power management, thermal regulation, and system reliability, thus accelerating the global
transition toward sustainable transportation.

7 Scholarly Publication



Bhargava et al.

Radius: Journal of Science and Technology 1(1) (2024) 241005

9Z1S 19)[1J 10318 °
J[neJ 9JeId[0) JOUUE)) e

Suner 1omod Y3iy e

5 NG M0T e | ySIH MO y3IH JudsaId 10N 9)eISPOIN OSAZ
el SoNSSI FUIYIIIMS MO ®
JULLIND Y31y JARY SIJBL) @ oo
MO
uonedrdde romod TN 07T ¢
3uIyolIMms 3JoS e
19y3Ly 10} J[qRNNS JON e MO yStH ysStH Ju2saId 10N ySIH o¥Dd
paxmbaz
ure3 938)JOA MO
9ZIS YUIS JBAY MO o
onbruyo9} jonuod Jidwig e
JUOLIND
9ZIS I9)[IJ MO e
syuouodwod Y31y e oJeIdpolN | YSIH | oreropoy 1U9SaId JON ysSig Odl
ure3 03e)|0A YSIH e : :
$9sS0] Suryoms ySIiy e : :
wonn)) ndup Mo e
urer) 93ej[0A MO e | onbruyod) jonuod o[dwig e
ey orddry 10y31y e 1S0)-MOT e MO Y3ty 9IBIOPON JUdsaId JION y3ig Ddg
9ZIS 19)]1J 193Ie T ° 1ot o[dwirg e
dduey
SIRELIET(| SILIdIA] Kduwanyyy 1oM0g Aqerpy | Areuondaanp-ig | Ayqiqeopuo) | Asojodop,

SI0JI9AU0D) D(-D( JO MIWIp pue judwW ‘suonouny ‘sordojodo], : 1 dqel

Scholarly Publication



Radius: Journal of Science and Technology 1(1) (2024) 241005 Bhargava et al.

Reference

[1].

[2].

3]

[4].

[5].

[6].

[7].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

Poorfakhraei, A., Narimani, M., & Emadi, A. (2021). A review of multilevel inverter topologies
in electric vehicles: Current status and future trends. /EEE Open Journal of Power Electronics,
2, 155-170. https://doi.org/10.1109/0JPEL.2021.3063550

Xu, S., Guo, Y., & Su, W. (2014). A proof-of-concept demonstration for the transportation
electrification education. In 2014 IEEE Conference and Expo Transportation Electrification
Asia-Pacific (ITEC Asia-Pacific), IEEE, 1-5. https://doi.org/10.1109/ITEC-AP.2014.6941053
Meintz, A., Zhang, J., Vijayagopal, R., Kreutzer, C., Ahmed, S., Bloom, 1., ... & Tanim, T. (2017).
Enabling fast charging—Vehicle considerations. Journal of Power Sources, 367, 216-227.
https://doi.org/10.1016/j.jpowsour.2017.07.093

Ronanki, D., Kelkar, A., & Williamson, S. S. (2019). Extreme fast charging technology—
Prospects to enhance sustainable electric transportation. Energies, 12, 3721.
https://doi.org/10.3390/en12193721

Lipu, M. S. H., Mamun, A. A., Ansari, S., Miah, M. S., Hasan, K., Meraj, S. T., ... & Tan, N. M.
(2022). Battery management, key technologies, methods, issues, and future trends of electric
vehicles: A pathway toward achieving sustainable development goals. Batteries, 8, 119.
https://doi.org/10.3390/batteries8090119

Ahmad, A., Alam, M. S., & Chabaan, R. (2017). A comprehensive review of wireless charging
technologies for electric vehicles. IEEE Transactions on Transportation Electrification, 4, 38-
63. https://doi.org/10.1109/TTE.2017.2771619

Bradley, T. H., & Frank, A. A. (2009). Design, demonstrations and sustainability impact
assessments for plug-in hybrid electric vehicles. Renewable and Sustainable Energy Reviews, 13,
115-128. https://doi.org/10.1016/j.rser.2007.05.003

Emadi, A., Lee, Y. J., & Rajashekara, K. (2008). Power electronics and motor drives in electric,
hybrid electric, and plug-in hybrid electric vehicles. IEEE Transactions on Industrial Electronics,
55, 2237-2245. https://doi.org/10.1109/T1E.2008.922768

Ehsani, M., Gao, Y., & Miller, J. M. (2007). Hybrid electric vehicles: Architecture and motor
drives. Proceedings of the IEEE, 95, 719-728. https://doi.org/10.1109/JPROC.2007.892492
Quinn, C., Zimmerle, D., & Bradley, T. H. (2010). The effect of communication architecture on
the availability, reliability, and economics of plug-in hybrid electric vehicle-to-grid ancillary
services. Journal of Power Sources, 195, 1500-1509.
https://doi.org/10.1016/i.jpowsour.2009.08.075

Reimers, J., Dorn-Gomba, L., Mak, C., & Emadi, A. (2019). Automotive traction inverters:
Current status and future trends. IEEE Transactions on Vehicular Technology, 68, 3337-3350.
https://doi.org/10.1109/TVT.2019.2897899

Wang, H., Hasanzadeh, A., & Khaligh, A. (2013). Transportation Electrification: Conductive
charging of electrified vehicles. [EEE  Electrification  Magazine, 1, 46-58.
https://doi.org/10.1109/MELE.2013.2294238

Tanimoto, S., & Matsui, K. (2014). High junction temperature and low parasitic inductance

power module technology for compact power conversion systems. [EEE Transactions on
Electron Devices, 62, 258-269. https://doi.org/10.1109/TED.2014.2359978

Bosshard, R., & Kolar, J. W. (2016). Multi-objective optimization of 50 kW/85 kHz IPT system
for public transport. IEEE Journal of Emerging and Selected Topics in Power Electronics, 4,
1370-1382. https://doi.org/10.1109/JESTPE.2016.2598755

Tritschler, J., Reichert, S., & Goeldi, B. (2014). A practical investigation of a high power,
bidirectional charging system for electric vehicles. In 2014 16th European Conference on Power
Electronics and Applications, IEEE, 1-7. https://doi.org/10.1109/EPE.2014.6910809

9 Scholarly Publication


https://doi.org/10.1109/OJPEL.2021.3063550
https://doi.org/10.1109/ITEC-AP.2014.6941053
https://doi.org/10.1016/j.jpowsour.2017.07.093
https://doi.org/10.3390/en12193721
https://doi.org/10.3390/batteries8090119
https://doi.org/10.1109/TTE.2017.2771619
https://doi.org/10.1016/j.rser.2007.05.003
https://doi.org/10.1109/TIE.2008.922768
https://doi.org/10.1109/JPROC.2007.892492
https://doi.org/10.1016/j.jpowsour.2009.08.075
https://doi.org/10.1109/TVT.2019.2897899
https://doi.org/10.1109/MELE.2013.2294238
https://doi.org/10.1109/TED.2014.2359978
https://doi.org/10.1109/JESTPE.2016.2598755
https://doi.org/10.1109/EPE.2014.6910809

Radius: Journal of Science and Technology 1(1) (2024) 241005 Bhargava et al.

[16].

[17].

[19].

[20].

[21].

[24].

[25].

[26].

[27].

[28].

[29].

Galigekere, V. P., Pries, J., Onar, O. C., Su, G. J., Anwar, S., Wiles, R., ... & Wilkins, J. (2018).
Design and implementation of an optimized 100 kW stationary wireless charging system for EV
battery recharging. In 2018 IEEE Energy Conversion Congress and Exposition (ECCE), 1EEE,
3587-3592. https://doi.org/10.1109/ECCE.2018.8557590

Czyz, P., Reinke, A., Cichowski, A., & Sleszynski, W. (2016). Performance comparison of a 650
V GaN SSFET and CoolMOS. In 2016 10th International Conference on Compatibility, Power
Electronics  and  Power  Engineering  (CPE-POWERENG), 1EEE,  438-443.
https://doi.org/10.1109/ECCE.2018.8557590

. Bertelshofer, T., Horff, R., Maerz, A., & Bakran, M. M. (2016). A performance comparison of a

650 V Si IGBT and SiC MOSFET inverter under automotive conditions. In PCIM Europe 2016,
International Exhibition and Conference for Power Electronics, Intelligent Motion, Renewable
Energy and Energy Management, Nuremberg, Germany, VDE, 1-8. ISBN: 978-3-8007-4186-1
Lee, W,, Li, S., Han, D., Sarlioglu, B., Minav, T. A., & Pietola, M. (2018). A review of integrated
motor drive and wide-bandgap power electronics for high-performance electro-hydrostatic
actuators. [EEE  Transactions on  Transportation  Electrification, 4, 684-693.
https://doi.org/10.1109/TTE.2018.2853994

Millan, J., Godignon, P., Perpifia, X., Pérez-Tomas, A., & Rebollo, J. (2013). A survey of wide
bandgap power semiconductor devices. /[EEE transactions on Power Electronics, 29,2155-2163.
https://doi.org/10.1109/TPEL.2013.2268900

Forouzesh, M., Siwakoti, Y. P., Gorji, S. A., Blaabjerg, F., & Lehman, B. (2017). Step-up DC-DC
converters: a comprehensive review of voltage-boosting techniques, topologies, and applications.
IEEE Transactions on Power Electronics, 3, 9143-9178.
https://doi.org/10.1109/TPEL.2017.2652318

. Corcau, J. 1., & Dinca, L. (2014). Experimental tests regarding the functionality of a DC to DC

Boost Converter. In 2014 International Symposium on Power Electronics, Electrical Drives,
Automation and Motion, IEEE, 579-582. https://doi.org/10.1109/SPEEDAM.2014.6872042

. Al Sakka, M., Van Mierlo, J., Gualous, H., & Brussel, U. (2011). Chapter — 13, DC/DC converters

for electric vehicles, In: Soylu S. (ed) Electric Vehicles-Modelling and Simulations, Intech, 309-
332.

Seo, S. W., & Choi, H. H. (2019). Digital implementation of fractional order PID-type controller
for boost DC-DC converter. IEEE Access, 7, 142652-142662.
https://doi.org/10.1109/ACCESS.2019.2945065

Di Bernardo, M., & Vasca, F. (2000). Discrete-time maps for the analysis of bifurcations and
chaos in DC/DC converters. [EEE Transactions on Circuits and Systems I: Fundamental Theory
and Applications, 47, 130-143. https://doi.org/10.1109/81.828567

Cafagna, D., & Grassi, G. (2006). Bifurcation analysis and chaotic behavior in boost converters:
experimental results. Nonlinear Dynamics, 44, 251-262. https://doi.org/10.1007/s11071-006-
1997-2

Rajashekara, K. (2003). Power conversion and control strategies for fuel cell vehicles. In
IECON'03, 29th Annual Conference of the IEEE Industrial Electronics Society (IEEE Cat. No.
03CH37468), IEEE, 3, 2865-2870. https://doi.org/10.1109/IECON.2003.1280702

Kong, X., Choi, L. T., & Khambadkone, A. M. (2004). Analysis and control of isolated current-
fed full bridge converter in fuel cell system. In 30th Annual Conference of IEEE Industrial
Electronics Society, 2004. IECON 2004, IEEFE, 3, 2825-2830.
https://doi.org/10.1109/IECON.2004.1432256

Islam, R., Rafin, S. S. H.,, & Mohammed, O. A. (2022). Comprehensive review of power
electronic  converters in electric vehicle applications. Forecasting, 5, 22-80.
https://doi.org/10.3390/forecast5010002

10 Scholarly Publication


https://doi.org/10.1109/ECCE.2018.8557590
https://doi.org/10.1109/ECCE.2018.8557590
https://doi.org/10.1109/TTE.2018.2853994
https://doi.org/10.1109/TPEL.2013.2268900
https://doi.org/10.1109/TPEL.2017.2652318
https://doi.org/10.1109/SPEEDAM.2014.6872042
https://doi.org/10.1109/ACCESS.2019.2945065
https://doi.org/10.1109/81.828567
https://doi.org/10.1007/s11071-006-1997-2
https://doi.org/10.1007/s11071-006-1997-2
https://doi.org/10.1109/IECON.2003.1280702
https://doi.org/10.1109/IECON.2004.1432256
https://doi.org/10.3390/forecast5010002

Radius: Journal of Science and Technology 1(1) (2024) 241005 Bhargava et al.

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[39].

[40].

Yazici, 1., & Yaylaci, E. K. (2016). Fast and robust voltage control of DC-DC boost converter by
using fast terminal sliding mode controller. [ET Power Electronics, 9, 120-125.
https://doi.org/10.1049/iet-pel.2015.0008

Cheng, L., Acuna, P., Aguilera, R. P, Jiang, J., Wei, S., Fletcher, J. E., & Lu, D. D. (2017). Model
predictive control for DC-DC boost converters with reduced-prediction horizon and constant
switching frequency. [EEE Transactions on Power Electronics, 33, 9064-9075.
https://doi.org/10.1109/TPEL.2017.2785255

Mardani, M. M., Khooban, M. H., Masoudian, A., & Dragicevi¢, T. (2018). Model predictive
control of DC-DC converters to mitigate the effects of pulsed power loads in naval DC
microgrids. [EEE  Tramsactions on  Industrial  Electronics, 66, 5676-5685.
https://doi.org/10.1109/TIE.2018.2877191

Chakraborty, S., Vu, H. N., Hasan, M. M., Tran, D. D., Baghdadi, M. E., & Hegazy, O. (2019).
DC-DC converter topologies for electric vehicles, plug-in hybrid electric vehicles and fast
charging stations: State of the art and future trends. Energies, 12, 1569.
https://doi.org/10.3390/en12081569

Zhang, X., Bai, H., & Zhou, X. (2016). Soft switching DC-DC converter control using FBLSMC
and frequency modulation in HESS based electric vehicle. In 2016 IEEE 8th International Power
Electronics and Motion Control Conference (IPEMC-ECCE Asia), 1EEE, 2209-2213.
https://doi.org/10.1109/IPEMC.2016.7512641

Lin, B. R., & Chao, C. H. (2012). Soft-switching converter with two series half-bridge legs to
reduce voltage stress of active switches. IEEE Transactions on Industrial Electronics, 60, 2214-
2224. https://doi.org/10.1109/TTE.2012.2191758

Varshney, A., Kumar, R., Kuanr, D., & Gupta, M. (2014). Soft-Switched Boost DC-DC Converter
System for Electric Vehicles using An Auxiliary Resonant Circuit. Inter. J. Emerg. Technol. Adv.
Eng, 4, 845-850.

. Ma, R., Xu, L., Xie, R., Zhao, D., Huangfu, Y., & Gao, F. (2019). Advanced robustness control

of DC-DC converter for proton exchange membrane fuel cell applications. I[EEE Transactions
on Industry Applications, 55, 6389-6400. https://doi.org/10.1109/TT1A.2019.2935981

. X, Li, Y., Zhang, W., Wang, N., & Xue, W. (2014). Active disturbance rejection control for a

flywheel energy storage system. IEEE Transactions on Industrial Electronics, 62, 991-1001.
https://doi.org/10.1109/TIE.2014.2336607

Cid-Pastor, A., Giral, R., Calvente, J., Utkin, V. ., & Martinez-Salamero, L. (2011). Interleaved
converters based on sliding-mode control in a ring configuration. /EEE Transactions on Circuits
and Systems I: Regular Papers, 58,2566-2577. https://doi.org/10.1109/TCS1.2011.2131310
Saadi, R., Bahri, M., Ayad, M. Y., Becherif, M., Kraa, O., & Aboubou, A. (2014). Implementation
and dual loop control of two phases interleaved boost converter for fuel cell applications. In 3rd
International Symposium on Environmental Friendly Energies and Applications (EFEA), IEEE,
1-7. https://doi.org/10.1109/EFEA.2014.7059963

11 Scholarly Publication


https://doi.org/10.1049/iet-pel.2015.0008
https://doi.org/10.1109/TPEL.2017.2785255
https://doi.org/10.1109/TIE.2018.2877191
https://doi.org/10.3390/en12081569
https://doi.org/10.1109/IPEMC.2016.7512641
https://doi.org/10.1109/TIE.2012.2191758
https://doi.org/10.1109/TIA.2019.2935981
https://doi.org/10.1109/TIE.2014.2336607
https://doi.org/10.1109/TCSI.2011.2131310
https://doi.org/10.1109/EFEA.2014.7059963

