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Abstract 

The rapid evolution of electric vehicles (EVs) has significantly increased the demand for efficient, 

compact, and high-performance power electronic systems. This paper entails an in-depth investigation of 

the recent developments and future outlook of power electronics in electric vehicles. EVs operation is 

centered on power electronics that transform, regulate and control electrical power in various subsystems, 

such as traction inverters, DC-DC converters, onboard and fast chargers, and battery management systems. 

With the advancement of wide bandgap (WBG) semiconductor technologies like silicon carbide (SiC) and 

gallium nitride (GaN), EV powertrains have achieved higher efficiency, better thermal performance, and 

reduced size and weight. In the following paper, the authors will explain the relative advantages of 

traditional silicon versus WBG materials in power devices and explore how they may affect the design 

and performance of EVs. Methodologically, the research offers the literature synthesis coupled with 

simulation-based testing of converter and inverter models, as well as comparison of their performance 

under critical parameters and its benchmarking. High efficiency and harmonic reductions results are 

confirmed by SiC and GaN technologies. Furthermore, the study identifies future trends such as the 

integration of artificial intelligence (AI), modular converter architectures, 800V platforms, and 

bidirectional charging systems. Such innovations will power the next generation of EVs and contribute to 

the fact that transportation systems become cleaner and smarter. 
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1. Introduction 

The automotive sector is in the midst of a fundamental shift, with much of this change being influenced 

by the increasing need of having sustainable transportation systems and the need to cut down on 

greenhouse gas emissions globally. At the heart of this evolution lies the rapid rise of electric vehicles 

(EVs), which offer a cleaner, more energy-efficient alternative to traditional internal combustion engine 

(ICE) vehicles. In contrast to ICEs, where the mechanical power is produced with the help of the 

combustion of fossil fuels, EVs use electricity stored in high-capacity batteries to energize electric motors 

(Mekhilef, S. 2021). Such a transition not only responds to the issues of air pollution and climate change 

but also follows the global trend of energy diversification, energy security, and decarbonization of 

transport. As it turns out, the shift in ICE cars to EVs is more than swapping the engine with an electric 

motor- it requires a fundamental redesign of the vehicle itself, especially its electrical and electronic 

systems managing power generation, conversion, distribution, and storage. Here, power electronics has 

been identified as one of the enabling technologies of the modern EVs, to provide accurate, efficient, and 

dependable control of electrical energy in the different subsystems (Morandi, V. 2020). Power electronics 
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is the design, control and implementation of devices that convert and control electrical energy. They play 

a significant role in electric vehicles to propel the electric motor, charge the battery, manage auxiliary 

systems, and provide the best performance under different operating conditions. Key components include 

inverters, which convert direct current (DC) from the battery into alternating current (AC) for motor 

operation; DC-DC converters, which manage voltage levels across high- and low-voltage domains; 

onboard chargers, which allow safe and efficient battery charging from external AC sources; and battery 

management systems (BMS), which monitor and regulate battery health, temperature, and charge cycles. 

Furthermore, these electronic components are coupled with thermal management systems to make sure 

that devices do not overheat and cause damage; this extends lifespan and improves performance (Burke, 

A. 2020). EV adoption is growing rapidly, and requirements of longer driving range, quicker charging, 

enhanced safety, and general efficiency are placing growing constraints on power electronic systems. 

A significant technological trend that is reshaping the field of power electronics is the advent of wide 

bandgap (WBG) semiconductor materials, particularly Silicon Carbide (SiC) and Gallium Nitride (GaN). 

Traditional power devices built on Silicon (Si) are reaching their physical limits in terms of efficiency, 

thermal tolerance, and switching speed. Relatively, WBG materials present a number of benefits such as 

the elevated breakdown voltage, switching speed, reduced conduction losses, and improved thermal 

characteristics (Chan, C. C. 2019). The features make WBG devices useful in high-efficiency and high-

frequency applications in EVs, including traction motor inverters and high-power fast chargers. As an 

example, GaN is specifically well suited to high frequency, low- to medium-voltage applications, 

including DC-DC converters and onboard chargers because of its low switching loss and small form factor. 

SiC however offers an acceptable compromise of cost, performance and thermal properties and could thus 

be used in high power applications like main drive inverters and off-board charging stations (Wang, F. 

2021). These improved semiconductors are a game-changer regarding power losses reduction, increasing 

power density, and system-wide efficiency of EVs. Topological and control algorithm Topological and 

control algorithm innovation also is a significant part of EV powertrain performance improvement. 

Multilevel inverters, soft-switching converters, and resonant topologies are increasingly being explored to 

reduce electromagnetic interference (EMI), improve harmonic distortion profiles, and minimize energy 

loss (Raghavan, P. 2022). At the same time, the integration of digital control platforms and artificial 

intelligence (AI) is enabling real-time monitoring, fault diagnosis, and adaptive control of power electronic 

systems. These intelligent controllers help to manage vehicle energy consumption optimally, respond to 

varying load conditions, and predictive maintenance to extend the life of the large parts (Rajashekara, K. 

2008). Additionally, the growing trend of vehicle-to-grid (V2G) technology places further demands on 

the bidirectional capability of EV power electronics, requiring sophisticated control mechanisms to 

manage energy flow between the grid and the vehicle without compromising stability or safety. 

1.1 Background on electric vehicles and the shift from internal combustion engines 

Electric vehicles (EVs) have emerged as a transformative force in the global transportation sector, driven 

by the urgent need to reduce greenhouse gas emissions, dependency on fossil fuels, and urban air pollution. 

Historically, internal combustion engine (ICE) vehicles dominated the market due to their established 

infrastructure and relatively low initial costs. However, ICEs are inherently inefficient, with a large portion 

of energy lost as heat, and they contribute significantly to environmental degradation through carbon 

dioxide (CO₂) and particulate emissions. On the other hand, EVs are powered by batteries or fuel cells to 

run their electric motors, are more energy efficient, quiet and their tailpipe emission is zero. The increasing 

battery range, declining costs of renewable electricity, and strong policy framework, comprising of carbon 
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standards, tax credits, and emission standards are driving the shift of ICEs to EVs. On top of that, the 

global automobile industry is rapidly electrifying, with major car manufacturers vowing to cease ICE 

vehicle sales in the next 2 decades. But a propulsion systems change- this would need a full re-architecture 

of the vehicle, at least on the power electronics side which are key in EVs since they manage the energy 

flow, convert the power and provide system redundancy and performance (Ghosh, P., & Mitra, S. 2023). 

1.2 Importance of power electronics in EV performance and efficiency 

Power electronics is the core of any modern electric vehicle, as it is a key to guaranteeing the best 

performance, energy efficiency, and reliability of the system. These electronic systems are attributed to 

the conversion and control of electrical energy between the battery, motor and other subsystems in the 

vehicle (Wang, L., & Alam, M. 2020). Inverters, DC-DC converters, and onboard chargers are major 

elements that depend on the latest power electronics to enable efficient conversion of energy with the least 

loss. Inverters convert the battery’s direct current (DC) into alternating current (AC) to drive the electric 

motor, while converters regulate voltage levels to power auxiliary systems or step up/down voltages for 

charging and propulsion. The efficiency of these power electronic systems directly impacts the vehicle's 

driving range, acceleration, thermal performance, and battery longevity. Also, contemporary EVs require 

small, light, and thermally durable power modules due to the space limitations and the need to enhance 

the overall system efficiency. The emergence of wide bandgap (WBG) semiconductors like Silicon 

Carbide (SiC) and Gallium Nitride (GaN) has revolutionized power electronics by enabling higher 

switching frequencies, lower losses, and superior thermal handling. Therefore, power electronics is not 

just a field that needs to be improved to make EVs perform better but also a key to making EVs charge 

faster, become more affordable, and make the world switch to sustainable electric mobility (Ferdowsi, M. 

2018). 

 

2. Literature review 

Mishra, R., & Singh, B. (2023) The application of power electronics in electric vehicles (EVs) has 

undergone significant evolution over the past two decades, primarily driven by the need for efficient 

energy conversion and control systems. The inverters and conversions in the first-generation EVs relied 

on silicon power devices. These devices however had drawbacks of low switching frequency, high losses 

and larger thermal footprints. With the demand going up to cover longer driving range, faster charging, 

and improved reliability, more efficient devices were focused on. The existing power electronic systems 

in EVs take less volume, weight and are more reliable due to the advancement of semiconductor 

technology, control algorithms and packaging techniques. Researchers have pointed out the importance of 

power electronics in extracting the optimum performance out of electric drivetrains, which include speed 

control, torque regulation, regenerative braking, and battery management. The shift to fully electric 

platforms has generated increased demand towards higher power density and bidirectional energy flow, 

innovating both component- and system-level design. Furthermore, the integration of high-voltage 

architectures (400V to 800V) demands advanced insulation, gate drivers, and EMI control methods, 

reinforcing the need for high-performance power electronics across all EV subsystems. 

Manias, S. (2021) Wide bandgap (WBG) semiconductors, especially silicon carbide (SiC) and gallium 

nitride (GaN), have emerged as transformative technologies in EV power electronics. SiC and GaN have 

better electrical properties (breakdown voltage, switching frequency, conduction loss) than conventional 

silicon devices and can therefore be used in high-frequency, high-efficiency applications. It is also shown 

that SiC MOSFETs have the potential to save up to 50 per cent inverter losses in automotive inverters, 
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improving system efficiency and decreasing thermal management needs. GaN is higher priced, yet 

operates at high frequencies and is seeing more application in onboard chargers and DC-DC converters as 

it can switch fast and is small in size. The move to high-voltage systems in premium EVs has been 

demonstrated to allow SiC in 800V systems to allow a greater range and faster charging with little heat 

accumulation. Besides this, WBG devices enable smaller passive components and more integrated system 

solutions, which also help reduce EV weight and volume. Cost, reliability under automotive conditions, 

and gate drive design are however challenges that remain. There is still an attempt to overcome these 

limitations with sturdy packaging and cooling systems. 

Lu, B., & Sharma, R. (2021) The powertrain of an EV depends on design and efficiency of DC-DC 

converters and inverters that convert and supply electrical energy to the electric motor. The use of multi-

level and matrix inverter topologies is superseding or complementing the use of conventional two-level 

inverters, because the increased efficiency and harmonic performance is needed, along with the lower 

voltage stress on the switching devices. They are advanced parameters that are capable of enhancing 

dynamic performance of motor drives with minimal losses. Isolated high frequency converters like 

resonant and dual-active-bridge converters are also gaining popularity in EV onboard charging systems as 

they can size and power density. Furthermore, bidirectional converters are being implemented to support 

regenerative braking and vehicle-to-grid (V2G) applications. Interleaved and modular topologies of DC-

DC converters are also outstanding because of the great thermal management and current sharing. In these 

topologies, with the switches being made of SiC or GaN, research work, carried out by simulation, 

demonstrates that the net effect is an efficiency and responsiveness increase of the system. Robust and 

scalable power electronic systems are thus still under investigation through digital control methods, fault-

tolerant system design and integration with intelligent battery management systems. 

Jain, A., & Goel, L. (2020) Onboard charging systems and charging infrastructure have emerged as a 

major field of study as the world adopts more and more EVs. Traditional unidirectional chargers are being 

replaced by smart, bidirectional charging systems that enable energy flow between the vehicle and the 

grid, forming the backbone of vehicle-to-grid (V2G) technologies. Such systems place demands on high-

efficiency compact and thermally robust power electronics, particularly as charging voltages increase 

(400V to 800V and beyond). Onboard chargers (OBCs) using SiC devices are already demonstrating 

higher power density and reduced weight, enabling faster charging without overheating. DC fast chargers 

are additionally studied to be combined with renewable sources and energy storage systems, in which the 

power electronics is the core component to balance the harmonics, voltage levels and the grid stability. 

Another emerging area is wireless charging which needs resonant converters and high frequency inverters 

that can sustain high efficiency over a variable coupling. AI and sophisticated control algorithms are under 

investigation to maximize charging time, battery life and grid interaction. In general, power electronics is 

the technology basis of the next-generation EV charging systems, and further topology, material, and 

embedded-intelligence development is required. 

Liu, X., & Zhao, Y. (2020) Contemporary electric cars are getting smarter, with AI and machine learning 

combined with power electronics to enable real-time control, diagnostics and energy optimization. Smart 

control algorithms enable accurate motor control, adaptive energy management and predictive 

maintenance based on sensor and performance data of power electronic subsystems. Fault detection in 

inverters and converters using AI can also considerably decrease the downtimes and enhance the system 

reliability. Model predictive control (MPC) and fuzzy logic controllers are being used for precise current 

regulation, torque control, and thermal management in dynamic driving conditions. Also, it has been found 
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that the digital twin models and cloud-based analytics may soon become crucial to the remote monitoring 

and tuning of EV powertrains. Coordinated power flow, load balancing and driving optimization are 

further possibilities enabled by integration of power electronics with telematics and autonomous driving 

systems. Future trends include the development of integrated power modules (IPMs) that combine the 

inverter, converter, and motor controller in a single compact unit. Such modules will be very popular in 

the next-generation EVs, particularly when they are combined with WBG devices and AI-based control 

modules. This kind of convergence holds the promise of higher efficiency, reliability and intelligence in 

EV platforms in the future. 

 

3. Methodology 

3.1 Research Design 

The proposed study will be of mixed-method nature, as it will comprise a systematic literature review and 

simulation-based assessments to examine the state and the trends of power electronics in electric vehicles. 

The qualitative aspect entails a comprehensive survey of peer-reviewed journals, conference proceedings, 

technical reports, and industry whitepapers that have been published in the last decade (2010-2024) 

regarding the design, efficiency, and future trend of EV power electronic system. The quantitative part 

includes simulations of converters and inverters under various configurations and switching materials—

namely silicon (Si), silicon carbide (SiC), and gallium nitride (GaN)—using MATLAB/Simulink and 

LTspice. This dual strategy enables a comprehensive understanding of the practical and theoretical 

developments in the field and helps in benchmarking technologies based on performance indicators such 

as total harmonic distortion (THD), switching loss, energy efficiency, and thermal response. 

3.2 Data Collection and Sources 

Primary data sources for the literature review include IEEE Xplore, ScienceDirect (Elsevier), 

SpringerLink, and Google Scholar. The evaluation aims at the high-impact articles and standards in the 

area of EV power electronics. In addition, technical whitepapers of industry leaders, such as Texas 

Instruments, Infineon, Tesla, and Bosch were also analyzed to obtain an understanding of real-world 

applications and specifications. These sources proved to be priceless in getting the insight of the current 

technologies, challenges, and prospect of WBG semiconductors, converter topologies, and smart control 

systems. For the simulation component, model parameters such as device ratings, switching frequencies, 

load conditions, and circuit configurations were selected based on published experimental setups and 

automotive standards (e.g., IEC 61851 and ISO 26262). The parameters of the simulation were checked 

against consulting the manufacturer datasheets and empirical research. 

3.3 Simulation Setup and Tools 

Simulation experiments were conducted using MATLAB/Simulink for system-level analysis and LTspice 

for detailed switching behavior of semiconductor devices. Two primary models were developed: (1) a DC-

DC Boost Converter and (2) a Three-Phase Voltage Source Inverter (VSI) driving a Permanent Magnet 

Synchronous Motor (PMSM). The same models were simulated using Si, SiC, and GaN switches under 

identical load and voltage conditions. Key performance indicators—such as output voltage ripple, 

efficiency, switching loss, thermal dissipation, and THD—were measured to compare material 

performance. For the converter model, the input was fixed at 200V, and the output was regulated to 400V 

under a load of 1.2 kW. For the inverter model, a 400V DC input powered a 5 kW PMSM under varying 

torque demands. Ambient thermal conditions and gate driver specifications were also incorporated to 

assess thermal behavior and control response. 
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3.4 Evaluation Metrics and Analysis 

The inquiry began with five staples of power-electronics appraisal: how neatly the current converts, where 

heat hides, how much chatter spools up in the waveform, the drain on switching seconds, and whether a 

lighter footprint can actually roll.  Conversion efficiency landed on the desk as a plain input-output ratio; 

switching cost borrowed its numbers from the instant where voltage and current casually overlap. For 

thermal study the team spooned dry, worst-case profiles into a CAD box, banking on nothing more fancy 

than passively cupped airflow. Harmonics rode shotgun in the inverter output, filed under THD after a 

brisk FFT shuffle in Simulink. Footprint talk leaned on vendor cut sheets and the sparse literature, lining 

up volume numbers for silicon, SiC, and GaN bricks set to the same kilowatt dial. All of it went into a 

spreadsheet, plotted in color, and served as the morale graph for future projects rumored to live under an 

electric hood. 

 

4. Results 

4.1 Comparative Performance of Semiconductor Materials 

Recent simulations of DC-DC converters paired with inverter topologies, each outfitted with silicon, 

silicon-carbide, and gallium-nitride switches, underscored how device material shapes thermal, dielectric, 

and electromechanical outcomes. In a side-by-side trial documented as Table 4.1, gallium-nitride 

assemblies peaked at 98.2 percent efficiency, a figure engineers trace to the compound semiconductors 

remarkable switching speed and near-zero conduction drag. Silicon-carbide circuits settled at 96.8 percent, 

while classical silicon cleared only 91.4 percent, figures that hint at the wider performance gulf usually 

concealed by lab condensation. When the spotlight shifted to raw switching energy, gallium-nitride 

recorded a modest 7.6 watts, silicon-carbide drew 11.2 watts, and silicon consumed 23.5 watts-threescore 

product numbers that stayed stubbornly close to analysts originals. Even so, gallium-nitride pricing and a 

900-volt ceiling keep traction-inverter designers from universal adoption, leaving silicon-carbide as the 

middle-weight choice that balances yield, thermal headroom, and shop-floor economy in todays 

commercial fleets. 

 

Table 4.1: Performance Comparison of Switching Devices in EV Applications 

Parameter Silicon (Si) Silicon Carbide (SiC) Gallium Nitride (GaN) 

Efficiency (%) 91.4 96.8 98.2 

Switching Loss (W) 23.5 11.2 7.6 

Thermal Rise (°C) 54.1 36.7 32.4 

Device Cost (Index) Low Medium High 

Preferred Applications Low-voltage Traction Inverter Onboard/DC-DC Charger 

 

4.2 Inverter Harmonic Distortion and Motor Drive Performance 

A clean inverter output is one of the few things that keeps a motor humming along without jolts and 

without frying internal parts. Running a stacked simulation confirmed what many engineers now suspect: 

switching to wide-bandgap (WBG) components nearly halves the screeching harmonics that pollute the 

waveform. The first raw dataset, reproduced here in Table 4.2, tells a blunt story. A conventional silicon 

bridge spat out a 10.6 percent total harmonic distortion and almost drowned the test cell in torque ripple. 

Swap in a silicon-carbide stage and the score drops to 5.4 percent; a gallium-nitride module trims it even 

further to 4.8 percent. Such tidy benches translate to quieter gearboxes, cooler windings, and longer 
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calendar life for any drive that ends up on the road. Less harmonic clutter also calms the thermal landscape 

and keeps stray electromagnetic signals from leaking into mission-sensitive circuits, a must-have in today 

s tightly packed EV platforms. 

 

Table 4.2: Total Harmonic Distortion (THD) of Inverter Output 

Device Type THD (%) Torque Ripple (Nm) EMI Risk System Smoothness 

Si 10.6 1.42 High Low 

SiC 5.4 0.85 Medium Moderate 

GaN 4.8 0.76 Low High 

 

4.3 Converter Output Ripple and Load Response 

Voltage ripple remains a critical performance hurdle for any DC-DC converter, especially those tasked 

with battery charging or tight voltage regulation. Recent testing, summarized in Table 4.3, shows that GaN 

transistors produce the smallest output ripple; their ability to switch at elevated frequencies while shedding 

very little heat appears to be the key. Converts built with SiC also held their voltage fairly steady when 

the load jumped suddenly, offering engineers a reliable alternative. In contrast, traditional silicon designs 

lagged behind, delivering a noticeably rougher voltage trace and reacting sluggishly; that behavior could 

easily upset sensitive devices like battery-management systems or electric-motor controllers. Overall, the 

data suggest GaN is ideal for space-constrained converters that must operate at high frequency, whereas 

SiC settles in as a well-rounded choice for the medium- and high-voltage systems common in modern 

electric vehicles. 

 

Table 4.3: Output Ripple and Load Response in Boost Converter 

Device Type Output Voltage Ripple 

(V) 

Load Step Response Time 

(ms) 

Voltage Deviation (%) 

Si 18.5 4.2 4.6 

SiC 7.9 2.1 2.3 

GaN 5.6 1.4 1.6 

 

4.4 Thermal Performance and Cooling Requirements 

Testing conducted on diverse switching platforms confirmed that both GaN and SiC substantially outpace 

traditional silicon in thermal performance. Data summarized in Table 4.4 make plain that conventional 

silicon parts endured steep temperature spikes, compelling engineers to retrofit oversized and costly heat 

sinks. In contrast, SiC and GaN components kept their junction temperatures well within safe margins, 

paving the way for more compact and lightweight cooling solutions. Such thermal headroom proves 

indispensable in demanding high-power environments like ultra-fast vehicle chargers and railway traction 

inverters, where even modest heat accumulation can spell operational trouble. Additional simulation runs 

revealed that the superior heat-handling capability of wide-bandgap devices permits lower derating 

factors, ultimately extending the service lifetime of entire power-electronics assemblies. 

 

Table 4.4: Thermal Behavior of Switching Devices Under Load 

Device Type Peak Junction Temp (°C) Cooling System Size (Index) Thermal Efficiency (%) 

Si 123.7 Large 72 
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SiC 98.4 Medium 85 

GaN 91.2 Small 88 

 

4.5 Visualization: Output Voltage of Inverter (Simulation Result) 

Researchers often compare the transient behavior of emerging switching materials by simulating the 

output of a laboratory inverter. Figure 4.1 presents such a simulation; it plots the line-to-line voltage output 

of a three-phase inverter supplying a surface-mounted permanent-magnet machine while holding a steady 

torque. GaN and SiC devices appear to dominate the scene: their traces reveal crisp, well-defined step 

changes and almost no voltage ringing, in stark contrast to the smoother but sloppier response associated 

with conventional silicon parts. 

 

 
Figure 4.1: Inverter Output Voltage (Line-to-Line) for Si, SiC, and GaN Devices 

 

4.6 Discussion 

Numerous simulations, reinforced by real-world bench tests, consistently show that wide-bandgap 

semiconductors-silicon carbide and gallium nitride- dwarf conventional silicon in nearly every 

performance metric that matters to engineers. The same studies report greater efficiencies, quieter 

harmonic spectra, and a sturdier resistance to heat. Gallium nitride shines in scenarios where switch timing 

must be razor-keen and ripple has to be almost invisible, hallmark traits for on-board chargers and nimble 

DC-DC stages. Silicon carbide, although not quite as razor-edged, settles into a cost-performance sweet 

spot that suits high-power traction inverters as well as the ultra-fast chargers now appearing in prototype 

fleets. Designers also appreciate that both WBG platforms run cooler, which permits tighter layouts and 

lets cooling systems breathe a little, sometimes literally. Price tags and questions about long-haul 

reliability continue to nag, especially with GaN, but smarter packaging and beefed-up gate drivers are 
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inching those worries toward the rear-view mirror. Observers expect future EV power-train architectures 

to lean harder on modular, tightly integrated designs, often steered by AI, in order to juggle performance, 

budget, safety, and environmental profile all at once. Major automakers road-mapping these upgrades 

publicly endorse that trajectory, hinting at the next wave of electric vehicles that will hit streets-and 

hopefully production lines-before anyone realizes how fast they arrived. 

 

5. Conclusion 

Research devoted to the power electronics stack in electric vehicles has put fresh emphasis on wide-

bandgap semiconductors. Silicon carbide and gallium nitride now headline most technical discussions 

because both materials break the performance limits set by conventional silicon. Engineers who model 

component behavior in study after study keep noting that SiC delivers cooler operation and better 

efficiency when the workload climbs toward megawatt territory. In contrast, GaN shines in the lighter 

duty cycles found inside on-board chargers, where flickering voltage ripple and jittery switching losses 

must be kept close to zero. Assigning the right semiconductor to the right task makes the entire drive 

system slimmer and more efficient. That upside, however, arrives wrapped in stubborn red tape. Cost per 

die remains high, especially for flawless wafers big enough to suit passenger-car production. Long-term 

reliability under automotive thermal shocks is still being quantified, and every reliability test seems to 

invite fresh questions. Packaging the wide-bandgap chips so that they dissipate heat without cracking or 

lifting is no small engineering art either. Engineers, materials scientists, and control theorists are now 

racing to convert those loose hurdles into fixed standards. Progress on that front will dictate how quickly 

the next generation of electrified drivetrains reaches the showroom. 

Recent studies survey the coming landscape of power electronics and note a probable rise in fully 

integrated power modules paired with artificial-intelligence-optimized switching algorithms. Such 

advances, coupled with higher operating frequencies, could yield electric vehicles that deliver 

unprecedented levels of cleanliness, torque, and overall efficiency. 
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