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Abstract 

A comparative analysis of the performance of various types of inverters is presented in this 

paper to improve the operational efficiency of a wireless power transfer (WPT) system that is 

specifically designed for left ventricular assist devices (LVADs).  Minimizing total harmonic 

distortion (THD) of the inverter's output can enhance the quality of the AC signal supplied to the 

WPT system and improve system efficacy. Three inverter topologies were designed: the H-bridge 

inverter, the multilayer inverter, and the Class-E inverter, at different distances of 30 mm, 50 mm, 

and 60 mm. Using the Class-E inverter in the WPT system achieves 63.3% overall performance with 

a THD of 2% at a distance of 60 mm, as indicated by the simulation results. While using the 

multilayer inverter exhibited moderate performance, reaching 50% efficiency and 24.5% THD, the 

H-bridge inverter accomplished 45% efficiency and 49.19% THD. The efficiency and quality of the 

transmitted power are improved by using the Class-E inverter in the WPT system compared to 

alternative varieties. Consequently, a Class E inverter can provide superior performance for particular 

types of wireless power transfer systems, particularly in biomedical applications. 

Keywords: Left ventricular assist device, Wireless power transfer, H-bridge inverter, Multilevel 

inverter, Class-E inverter, Total harmonic distortion. 

 

1. Introduction 

Left ventricular assist devices (LVADs) are a widely utilized implantable medical device for 

people with heart failure. In situations where a heart transplantation is the sole means to sustain the 

patient, it may be utilized either permanently or temporarily. LVADs are more significant owing to 
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shortages of organ donors and problems associated with cardiac transplantation [1]. Due to the 

significance of these devices, comprehensive research has focused on their issues [2]. Driveline 

infections, illustrated in Fig. 1, represent a significant and perilous challenge, as conventional LVAD 

systems transmit power through external lines into the body [3,4].  

 

Figure 1. Left Ventricular Assist Device(LVAD): Installation, Real-Life Application, and potential 

Complications such as Derive Infections [3,4]. 

Transforming this technology to wireless power transmission (WPT) is an innovative and promising 

alternative [5]. Creating an effective and acceptable wireless power transfer (WPT) system 

necessitates meticulous selection of operating frequency, material quality, and the design of 

transmitting and receiving coils [5, 6]. A comprehensive WPT system for LVAD was proposed in 

[7], encompassing coil design and frequency selection. DC signals are converted into AC signals via 

an inverter, which powers the WPT system. For the various kinds of inverters, the quality of the AC 

signal is therefore essential to the system's operation. As a result, raising inverter performance 

improves system performance as an entire system [8]. In [9], a multilevel inverter with seven levels 

was used to improve power quality by optimizing the switching angles using the Cuckoo Search 

Algorithm (CSA), achieving a THD of 1%. In [10], a Class-E inverter was proposed to enhance 

system efficiency, reaching 76% at a transmitted power of 3.4 W with an operating frequency of 

13.56 MHz. A comparative study between Class-E, Class-D, and H-Bridge inverters for battery 

charging systems was conducted [8], and concluded that Class-E achieved the highest overall 

efficiency of 93.7%. Moreover, a zero-voltage switching (ZVS) Class-E inverter-based design for an 

acoustic power transmission (APT) system was presented, where experimental results showed a DC-

DC efficiency of 85.42% under resistive loads [11]. Despite these valuable contributions, there 

remains a lack of comparative analysis of inverter topologies specifically tailored to WPT systems 

for implantable medical applications. Therefore, this study aims to conduct a comparative evaluation 

of three inverter topologies, H-Bridge, multilevel inverter, and Class-E inverter, to improve the AC 

signal quality delivered to the WPT system as shown in Fig.2. The assessment criteria include total 

harmonic distortion (THD), overall system efficiency. Simulation models were implemented and 

tested using MATLAB Simulink 2021b. 

LVAD Real Life
Construction of LVAD

Driveline Infections
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Figure 2. Methodology overview for the inverter topologies. 

2. Methodology 

2.1 Wireless Power Transfer WPT systems. 

The WPT system design was based on the study in [7]. Resonant inductive coupling technology was 

adopted for transmitting power in the LVAD device. A frequency of 6.78 MHz was chosen within 

the ISM (Industrial, Scientific, and Medical) band. Litz wire was used for constructing the 

transmitting (Tx) and receiving (Rx) coils to decrease the skin effect. A planar spiral coil structure is 

used for both Tx and Rx coils. Additionally, a multilayer transmitting coil technique was adopted to 

increase self-inductance and enhance efficiency. Furthermore, mathematical models were developed 

in [7] to explain the effect of human tissues on the mutual inductance between the coils. Table 1 lists 

the parameters of the Tx and Rx coils, and Fig.3 shows the construction of the Tx and Rx coils.  

Table 1: Specification of Tx and Rx coils. 

Parameter Value 

Number of strands of Litze wire & 𝑛𝑠2) 341.25-117.5 

Number of turns (𝑁1 & 𝑁2) 10 

Inner diameter (𝑅𝑖1 & 𝑅𝑖2) 13mm 

Outer diameter (𝑅𝑂1 & 𝑅𝑂2) (50-25) mm 

Space between Turns (𝑆1 & 𝑆2) 1mm 

Number of layers in Tx coil 3 
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Figure 3. Tx and Rx coil construction. 

2.2 The proposed system 

The proposed system, illustrated in Fig.4, consists of a 14 V DC battery that supplies power to the 

system through an inverter, which is responsible for converting the DC voltage into an AC signal 

suitable for feeding the WPT circuit with a switching frequency of 6.78MHz. The system consists of 

two coils with self-inductances L1 and L2, and compensation capacitors C1 and C2 to achieve 

resonance at the operating frequency. On the receiver side, an H-bridge rectifier is used to convert 

the AC power into DC. The system is terminated with a 40-ohm resistive load, which serves as an 

equivalent model of the LVAD motor. This load consumes a rated power of 5 watts at an operating 

voltage of 14 V, simulating the real electrical characteristics of the LVAD motor under regular 

operation [5].  

 

Figure 4. Block schematic of the proposed system. 

2.3 Inverter topologies design 

A. H-bridge inverter 

The H-bridge inverter used in this study consists of four switching devices configured in a full-bridge 

topology as shown in Fig.5. MOSFETs were selected as the switching components due to their 

suitability for high switching frequency applications and their superior performance in terms of 

efficiency and speed [12].  
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Figure 5. Model of the proposed system with an H-bridge inverter in Simulink. 

 A two-level inverter topology was used to produce a square wave output voltage. One of the 

significant drawbacks of this output is the presence of harmonic distortion, as well as the stress 

imposed on the power semiconductor devices due to the abrupt switching [13]. The following 

equation gives the output voltage.  

            𝑣𝑜(𝑡) = ∑
4𝑣𝑑𝑐

𝑛𝜋
𝑠𝑖𝑛𝑛𝑤𝑡                                                                                                 (1)                                                                                             

Where n: is the order of the odd harmonic. W: is the angular frequency. 

B. Multilevel inverter 

Multilevel inverters are typically implemented in three main topologies: cascaded H-bridge 

multilevel inverter (CHMLI), flying capacitor, and diode-clamped [14].  The CHMLI is considered 

the most commonly used topology in various applications due to several advantages, including the 

fact that the output signal has the lowest harmonic content compared to other topologies and the 

smallest number of power electronic components [15]. The CHMLI consists of a series of H-bridge 

inverters connected in cascade, where each H-bridge has its own independent DC power source 

[16,17]. Each H-bridge is referred to as a cell, and the output voltage of the CHMLI is the summation 

of the voltages generated by all the individual H-bridge cells [16]. Each cell typically produces three 

levels (+Vdc, 0, −Vdc), and thus the number of output levels of the CHMLI is given by the formula 2s 

+ 1, where s is the number of cascaded cells. In this study, a five-level output waveform was 

generated using a CHMLI consisting of two H-bridge cells. The output voltage was the sum of the 

outputs from both cells, producing five levels –2Vdc, -Vdc, 0, +Vdc, +2Vdc, depending on the switching 

states of the transistors. Each H-bridge cell was activated over a specific period and controlled at 

different switching angles to synthesize a staircase waveform that approximates a sinusoidal signal. 

To control the switching of the CHMLI, the Sinusoidal Pulse Width Modulation (SPWM) technique 

was employed. Several strategies exist for carrier signal arrangement in SPWM, such as Alternate 

Phase Opposition Disposition (APOD), Phase Opposition Disposition (POD), and Phase Disposition 

(PD), where the distinction lies in the phase relationship of the carrier signals. Based on the 

comparative analysis provided by Wanchia, on five-level diode-clamped multilevel inverters, the 

PD-based SPWM method achieved the lowest total harmonic distortion (THD), making it the chosen 
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approach in this study [18]. The PD method uses (n-1) carrier signals (i.e., four carriers for five 

levels), all in-phase, compared against a sinusoidal reference signal with a frequency of 6.78 MHz, 

matching the desired output frequency. The carrier frequency is set as a multiple of the reference, 

and the carrier amplitude is divided into four bands to fit within the ±1 range of the sine reference 

signal amplitude, as shown in Fig. 6. 

Reference signal

Carrier signal

 

Figure 6. PD modulation technique.   

The WPT system was implemented using CHMLI in MATLAB Simulink, as shown in Fig.7 

 

Figure 7. Model of the proposed system with CHMLI in Simulink. 

Two independent DC voltage sources, each rated at 7 V, were used to supply the CHMLI. This 

configuration was chosen to ensure that the maximum output voltage does not exceed 14 V, 

maintaining consistency with the voltage used in the conventional H-bridge setup and ensuring safe 

operation limits are not exceeded. The output voltage waveform of the CHMLI, as shown in Fig.8, 
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is used to calculate the RMS value of the fundamental component (Vo,RMS) using equations 2,3, and 

4 [15]. 

 

Figure 8. Output voltage of CHMLI.  

Both of the Fourier coefficients, ao  and an, become 0 as a result of half-wave symmetry along the 

x-axis. 

Vo is given by: 

                 𝑉𝑜(𝑤𝑡) = ∑ 𝑏ℎ sin(ℎ𝑤𝑡)∞
ℎ=1,3,5                                                                                        (2) 

Where, h is the order of odd harmonics. 

                𝑏ℎ = ∑ (𝑣𝑑𝑐1 cos(ℎ𝛼1) + 𝑣𝑑𝑐2 cos(ℎ𝛼2) + ⋯ + 𝑣𝑑𝑐𝐿 cos(ℎ𝛼𝐿−1) +2𝑁−1
ℎ=1,3,5

                           𝑣𝑑𝑐𝐿 cos(ℎ𝛼𝐿))                                                                                                         (3) 

For equal and constant source, 𝑏ℎ is given by 

                 𝑏ℎ = ∑ 𝑣𝑑𝑐 (cos(ℎ𝛼1) + cos(ℎ𝛼2) + ⋯ + cos(ℎ𝛼𝐿−1) + cos(ℎ𝛼𝐿))2𝑁−1
ℎ=1,3,5                (4)    

                                                        

Where, L: number of dc sources for each H-bridge inverter cell. N: The number of switching 

angles. h :1, 3, 5, … odd harmonics. 𝛼 : The switching angle. 

 

C. Class-E inverter 

Class-E inverters are high-efficiency soft-switching converters particularly well-suited for high-

frequency applications [19,20]. Due to their simple structure, which includes only a single switching 

device as shown in Fig. 9, they exhibit significantly lower switching losses compared to H-bridge 

and multilevel inverters [19,21]. This makes Class-E inverters an ideal solution for enhancing the 

efficiency of WPT systems. Furthermore, this inverter topology enables the achievement of Zero 

Derivative Switching (ZDS) and Zero Voltage Switching (ZVS) conditions, which represent the 

optimal switching states for Class-E operation. These conditions can be achieved through appropriate 

circuit design and parameter tuning. 
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Figure 9. Circuit topology of class E inverter. 

AS shown in Fig.9, The components of a class E inverter are: 

1- A chock inductor Lchock to get DC. 

2- A MOSFET switch to get an AC signal at fsw. 

3- Shunt capacitor Cshunt and Le to enable the ZVS condition. 

4- A capacitor C to operate with Le to create a resonance at fsw. 

In this study, the parameters of the Class-E inverter were carefully designed to meet the optimal 

operating conditions, based on the design methodology presented in [ 22]. This methodology outlines 

a systematic approach for designing Class-E inverters specifically for WPT systems. As shown in 

Fig.10, the design process relies heavily on impedance analysis of the entire system to determine 

suitable values for the inverter components. 

 
(a) 
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(b) 

Figure10. a) Simulink model of the proposed system with a class E inverter  

(b) wireless power transfer system with a load. 

By finding the equivalent resistance at the input of a full-wave rectifier, which is given by the 

following equation (5)[22]. 

                      𝑅𝑙1 = 𝑅𝑜 ∗
8

𝜋2                                                                                                                (5) 

The actual load of the class E inverter depends on both the resistance of the Tx coil and the 

reflected impedance of the receiver on the transmitter side, as follows [8]: 

                       𝑍𝑟𝑒𝑓 =
𝑊2𝑀2

(𝑅2+𝑅𝑙1)
                                                                                                             (6) 

                       𝑍𝑇 = 𝑍𝑟𝑒𝑓 + 𝑅𝑇𝑥                                                                                                         (7) 

Where, 

W: is the radian frequency. M: is the mutual inductance of the inductive coupling system. 

R2: is the resistance of the Rx coil. ZT: The total resistance on the transmitter side represents the 

load of the class E inverter. 

By finding the equivalent inductance Leq as follows: 

                     𝐿𝑒𝑞 =
1.1525 𝑍𝑇

𝑊
                                                                                                                (8) 

The inductance of the Tx coil L1 is divided into two parts, which are Lx and Leq : 

                     𝐿𝑥 = 𝐿1 − 𝐿𝑒𝑞                                                                                                                (9) 

The compensation capacitance C1 of the net inductance Lx in the transmitter side calculated as 

follows: 

                   𝐶1 =
1

𝐿𝑥𝑊2                                                                                                                    (10) 

 

RL

P- 
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3-Simulation Results 

The proposed system with different types of inverters was simulated in Simulink/MATLAB. The output 

voltage of each type of inverter is shown in Fig.11. 

 

(a) 

 

(b) 

 

(c) 

Figure 11. output voltage for three inverter topologies, (a)  H-bridge inverter, (b) five-level inverter, (c) class-E 

inverter.  

The output voltage of the H-bridge inverter manifests as a square wave, while the multilevel inverter 

produces a five-level waveform. The class E inverter produces a sinusoidal waveform output. The 

output of a class E inverter has fewer harmonics, hence enhancing the quality of power supplied to 

the WPT system.  Tables 2,3, and 4 show the total system efficiency and Total Harmonic Distortion 

(THD) for three distinct inverter types, which are Class-E, five-level, and conventional H-bridge 

inverter across multiple distances (30 mm, 50 mm, 60 mm).   
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Table 2: The performance of the three inverter topologies at 30mm. 

 

 

 

 

 

Table 3: The performance of the three-inverter topology at 50mm. 

 

 

 

 

Table 4: The performance of the three-inverter topology at 60mm. 

 

 

 

  

The results indicate that the class-E inverter exhibited superior and optimal performance, attaining 

the highest efficiency and the lowest THD value over all tested distances.  Secondly, the 5-level 

CHMLI exhibited superior performance relative to the conventional H-bridge inverter. Fig.12 

illustrates the achievement of ZVS condition due to the use of a class-E inverter. 

 

Figure12. Achieving of ZVS condition. 

A power switch is activated when the voltage across it is zero, which eliminates switching losses and 

reduces EMI (Electromagnetic Interference). Consequently, the performance of the WPT system is 

significantly enhanced when a class E inverter is employed. 

 

 H-bridge  MLI Class-E 

Efficiency % 75.9 82.9 89 

THD % 49.12 17.8 4 

 H-bridge  MLI Class-E 

Efficiency % 62.45 70.3 76.9 

THD % 49.33 22 2.31 

 H-bridge  MLI Class-E 

Efficiency % 45 50 63.3 

THD % 49.19 24.5 2 
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6. Conclusion 

         In this paper, a comparative study was developed between three topologies of WPT system 

inverters for powering the left ventricular assist device (LVAD), which is  H-bridge, multilevel, and 

class E inverters. The evaluation of each inverter was conducted based on system efficiency and total 

harmonic distortion (THD) values of inverter voltage throughout varying transmission distances 

between Tx and Rx coils (30, 50, 60 mm).  The results demonstrate that the class-E inverter 

outperforms other inverter types, exhibiting the maximum system efficiency and the lowest total 

harmonic distortion (THD) of output voltage across various transmission distances. In future 

research, a BLDC motor will serve as a real dynamic load for the LVAD, and the performance of the 

WPT system will be evaluated using a class-E inverter to enhance realism.                         
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  لجهاز مساعدة البطين الأيسر WPTءة دراسة مقارنة لطوبولوجيات العاكس لتحسين كفا

 ،(LVAD) الأيسر البطين مساعدة جهاز لتشغيل WPT  نظام عاكس طوبولوجيات من أنواع ثلاثة بين مقارنة دراسة تطوير تم البحث، هذا في :الخلاصة

 العاكس لجهد( THD) الكلي التوافقي التشوه وقيم امالنظ كفاءة على بناء   عاكس كل تقييم أُجري. .E والفئة المستويات، ومتعددة ،H الجسر عاكسات وهي
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 يظُهر حيث الأخرى، العاكس أنواع على E الفئة عاكس تفوق النتائج أظهرت(. مم 60 ،50 ،30) والاستقبال الإرسال ملفي بين متفاوتة نقل مسافات عبر

( BLDC) مرمست تيار محرك سيسُتخدم المستقبلية، الأبحاث في. تلفةمخ نقل مسافات عبر الخرج لجهد( THD) كلي توافقي تشوه وأقل للنظام كفاءة أعلى

  .الواقعية لتحسين E الفئة من عاكس باستخدام( WPT) لاسلكي ا الطاقة نقل نظام أداء تقييم وسيتم الأيسر، البطين مساعدة لجهاز حقيقي ديناميكي كحمل

 .، تشويه توافقي كلي E، عاكس متعدد المستويات، عاكس من الفئة Hجهاز مساعدة البطين الأيسر، نقل الطاقة لاسلكي ا، عاكس جسر :الكلمات المفتاحية


