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Abstract 

The global trend toward electrification is significantly 
accelerating the adoption of electric vehicles (EVs), making the 
development of efficient and grid-friendly charging solutions a 
critical research priority. Among these solutions, bidirectional 
chargers play a vital role in minimizing the impact on the 
electrical grid by ensuring low total harmonic distortion (THD), a 
high-power factor (PF), enabling vehicle-to-grid (V2G) 
functionality. This paper presents a comparative analysis of two 
advanced topologies of single-phase totem-pole power factor 
correction (PFC) converters designed for Level 2 EV chargers, 
operating at a rated voltage of 230 Vrms and power levels of up 
to 18 kW. Specifically, a bidirectional totem-pole converter and 
a bidirectional interleaved totem-pole converter are evaluated 
based on key performance metrics, including THD, PF, and 
efficiency under both steady-state and transient conditions. The 
simulation results indicate that both topologies achieve high 
efficiency and near-unity power factor. However, the 
interleaved topology exhibits superior performance in 
minimizing THD and managing high-power conditions while 
maintaining low current stress on the switches. Nonetheless, 
this configuration presents a trade-off, resulting in a higher 
output voltage ripple compared to the standard totem-pole 
configuration. At 18 kW, the totem-pole converter achieves a 
THD of 1.72% and an efficiency of 98.1%, while the interleaved 
totem-pole converter demonstrates improved performance 
with a THD of 1.14% and an efficiency of 98.6%. 
 

 

Keywords: Electric Vehicles (EVs); Bidirectional Totem-Pole PFC 

Converters; Vehicle to Grid (V2G); Level 2 EV Charger.

Öz 

Küresel ölçekte elektrifikasyona yönelik eğilim, elektrikli araçların (EV) 
benimsenme hızını önemli ölçüde artırmakta ve şebeke dostu, yüksek 
verimli şarj çözümlerinin geliştirilmesini kritik bir araştırma alanı haline 
getirmektedir. Bu bağlamda, çift yönlü şarj cihazları, düşük toplam 
harmonik bozulma (THD) ve yüksek güç faktörü (PF) sağlayarak, aynı 
zamanda araçtan şebekeye (V2G) enerji aktarımını mümkün kılarak, 
elektrik şebekesi üzerindeki olumsuz etkileri en aza indirmede önemli bir 
rol oynamakta-dır.Bu çalışma, 230 Vrms nominal gerilimde ve 18 kW’a 
kadar güç seviyelerinde çalışan Seviye 2 EV şarj istasyonları için tasar-
lanmış iki farklı gelişmiş tek fazlı totem-pole güç faktörü düzeltme (PFC) 
dönüştürücü topolojisinin karşılaştırmalı ana-lizini sunmaktadır. 
Özellikle, çift yönlü totem-pole dönüştürücü ile çift yönlü interleaved 
totem-pole dönüştürücü ele alınarak, söz konusu yapıların kararlı ve 
geçici durum koşullarında toplam harmonik bozulma (THD), güç faktörü 
(PF) ve verimlilik açısından performansları değerlendirilmekte 
dir.Simülasyon sonuçları her iki dönüştürücü topolojisinin de yüksek 
verimlilik ve birim de-ğere yakın güç faktörü sağladığını 
doğrulamaktadır. Özellikle interleaved totem-pole topolojisi, toplam 
harmonik bozulmayı (THD) azaltma ve yüksek güçlü çalışma koşullarını 
yönetme konusunda üstün performans sergilemekte; aynı zamanda 
anahtarlama elemanları üzerindeki akım zorlanmasını da azalt-
maktadır. Ancak, bu topoloji belirli bir ödünleşim içermekte olup, 
geleneksel totem-pole konfigürasyonuna kıyasla daha yüksek çıkış 
gerilimi dalgalanması göstermektedir. 18 kW çıkış gücünde, standart 
totem-pole dönüştürücü %1,72 THD ve %98,1 verimlilik sağlarken; 
interleaved yapı %1,14 THD ve %98,6 verimlilik ile daha iyi bir 
performans ortaya koymaktadır. 
 

Anahtar Kelimeler: Elektrikli Araçlar (EV'ler); Çift Yönlü Totem-Kutup 
PFC Dönüştürücüler; Araçtan Şebekeye (V2G); Seviye 2 EV Şarj Cihazı. 

  

 

1. Introduction 

The rapid widespread adoption of EVs, driven by their 

enhanced reliability and environmentally friendly 

characteristics, continues to gain momentum today 

(Meetly et al. 2020). Bidirectional EV chargers facilitate 

power transfer in two directions: from the grid to the 

vehicle's battery (Grid-to-Vehicle, or G2V) and from the 

vehicle's battery back to the grid (V2G). These chargers 

can be classified into two configurations based on the 

number of stages involved: 1) single-stage configuration 

(Sayed et al. 2018) and 2) two-stage configuration. The 

two-stage configuration is notably the more prevalent 

choice, consisting of a PFC stage and a DC-DC conversion 

stage. The popularity of the two-stage configuration can 

be attributed to its implementation of galvanic isolation 

in the DC-DC stage and the ease of control for the 

separate stages (Asmatullah et al. 2022, Upturn and 

Subuddhi 2024). 
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The EV chargers can be also classified into three levels 

based on their power rating and the charging speed. A 

Level 1 charging system (<1.9 kW) uses a single-phase 

110/120 Vrms supply with a maximum current of 12 A. 

Level 2 systems (<19.2 kW) can operate on single-phase 

230 Vrms, offering output powers of 3.6 kW, 7.2 kW, or 

19.2 kW, or on three-phase configurations. Level 3 

systems (<100 kW) are exclusively three-phase (Yilmaz 

and Kreon 2013). Future developments are mainly 

focused on Level 2, which is a semi-fast charging system 

that offers significant power capacity and can be 

customized for various environments, suitable for both 

private and public facilities (Int. Ref.-4,Int. Ref.-2).  

To address power quality issues in two stages of EV 

chargers, the front-end stage, commonly known as the 

PFC stage, plays a crucial role. There are various 

topologies proposed in the literature for the PFC stage, 

which can generally be classified into two categories: 

bridge PFC converters and bridgeless PFC converters. 

Bridge PFC converters, like the boost PFC topology 

regards as the most popular topology under this 

classification, have certain limitations, such as not 

supporting bidirectional power flow or facing challenges 

during reverse operation. This is particularly relevant as 

the trend shifts towards bidirectional EV chargers 

(BEVCs), especially with the increasing integration of 

distributed generation sources (DGs) into the 

conventional grid system. This shift has amplified the 

need for BEVCs to effectively integrate with various DGs 

and enhance the reliability of the grid. Additionally, bridge 

PFC converters incur extra losses due to the presence of 

the bridge compared to bridgeless PFC converters 

(Figueiredo, Toffoli, and Silva 2010). Consequently, 

Bridgeless PFC converters are regarded as one of the best 

options for enhancing power quality issues and boosting 

efficiency (Singh and Tiwari 2020).  

While bridge-based PFC converters are unsuitable for 

bidirectional BEVCs, various topologies fall under the 

category of bridgeless PFC converters. Among these, the 

dual boost bridgeless PFC converter is a widely adopted 

topology; however, it produces significant common-

mode noise, requiring a large electromagnetic 

interference (EMI) filter (Ye et al. 2004, Lu, Brown, and 

Sodano 2005, Kong, Wang, and Lee 2007). Address the 

limitations of earlier bridgeless PFC designs, alternative 

topologies such as the semi-boost bridgeless PFC 

converter (Mousavi, Eberle, and Dunford 2011) and the 

pseudo totem-pole bridgeless PFC converter (Huber, 

Jang, and Jovanović 2008) have been proposed in the 

literature.  

One significant type of bridgeless topology among various 

bridgeless boost PFC converters is the totem-pole PFC 

converter (Surendra Reddy et al. 2024, Pridoli, Šupolík, 

and Praženica 2025), as illustrated in Figure 1(a). This 

topology presents several advantages, including a 

reduction in component count, a compact form factor, 

diminished common mode interference, and the ability to 

achieve both high power density and efficiency (Li and Nui 

2024, ,Park et al. 2019). Recent modifications to the 

conventional totem-pole boost PFC converter, specifically 

the replacement of the two diodes on the right leg with 

low-frequency MOSFETs and the two MOSFETs on the 

right leg with wide bandgap (WBG) MOSFETs, have gained 

considerable attention in high-power applications, such 

as EV chargers (Zhou et al. 2015). These advancements 

position totem-pole PFC converters as one of the most 

advanced and optimized topologies in the development 

of bridgeless PFC converters, as proposed in the 

literature, to overcome the limitations of other bridgeless 

designs while achieving superior efficiency(Liu et al. 2015, 

Ghosh, Hu, and Batash 2023). 

Numerous totem-pole topologies have been investigated 

for EV charging applications; however, most studies 

concentrate on unidirectional or lower power scenarios, 

typically below 10 kW (Tang, Ding, and Khaligh 2016, 

Kumar and Yi 2022). Furthermore, there is a lack of 

comparative research on the dynamic and steady-state 

power quality performance of interleaved versus non-

interleaved configurations in single-phase high-power 

applications. This paper aims to address this gap by 

simulating and evaluating both bidirectional totem-pole 

and interleaved totem-pole PFC converters under high-

power conditions (up to 18 kW) typical of Level 2 EV 

charging. The focus will be on practical grid compliance 

metrics, including THD, PF, and output ripple. 

The objective of this paper is to conduct a comparative 

study of two single-phase totem-pole PFC converters 

based on WBG devices, such as Sic, designed for a Level 2 

EV charger operating at a rated voltage of 230 Vrms and 

a power level of up to 18 kW. The study focuses on two 

configurations: the bidirectional totem-pole converter 

and the bidirectional interleaved totem-pole converter. 

The comparison evaluates key performance metrics, 

including power quality aspects such as THD and PF, as 

well as efficiency. Both converters are analyzed under 

steady-state and transient operating conditions. 

The paper is structured as follows: Section II provides an 

overview of the two converter topologies and the 

associated control methods. Section III presents the 

simulation results, while Section IV discusses the 

comparative analysis of the two configurations. Finally, 
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Section V concludes the paper with key findings and 

insights. 

2. Theoretical Background 

The initial phase of conventional EV chargers, specifically 

the PFC stage, is crucial as it facilitates the conversion of 

alternating current (AC) input voltage to a regulated 

direct current (DC) output voltage. Furthermore, it 

ensures that the AC input current waveform is sinusoidal 

and in phase with the AC input voltage, thereby achieving 

a unity power factor (PF). The proposed topologies, which 

are bidirectional totem pole, and bidirectional interleaved 

totem pole topologies,  are bidirectional PFC stages for EV 

chargers, with the results focusing on improvements in 

power quality, particularly in G2V applications.  This 

section will present the theoretical foundations of two 

totem pole topologies, along with a detailed description 

of the controller.  

2.1 Bidirectional Totem-Pole Topology 

The totem-pole converter is a type of bridgeless PFC 

converter that operates as a combined boost converter. 

Its functioning is contingent upon the polarity of the AC 

source during the charging phase of the boost inductor. In 

each half-cycle, one of the high-frequency switches is 

activated while another synchronous switch from the 

opposite leg is engaged to establish a complete charging 

path. During this phase, the capacitor supplies power to 

the load. Conversely, during the discharge phase, the 

complementary high-frequency switch, along with the 

synchronous switch from the opposite leg, operates to 

release the energy stored in the inductor to the load. In 

this scenario, the capacitor is charged directly from the AC 

source. This operation enables efficient energy transfer 

and enhances power factor correction in the system. The 

comprehensive operation and design considerations of 

this converter are elaborated in (Dominic et al. 2024,  

Kumar and Yi 2022). 

The traditional single-phase bridgeless totem-pole PFC 

configuration depicted in Figure 1(a) comprises two 

distinct legs; the high-frequency leg is characterized by 

the MOSFET switches 𝑆1and 𝑆2, whereas the low-

frequency leg is represented by diodes 𝐷1 and 𝐷2, which 

operate in accordance with the line frequency. 

The bidirectional totem-pole converter, as illustrated in 

Figure 1(b), retains the foundational structure of the 

conventional totem-pole. In the second leg, the 

integration of two low-frequency MOSFET switches, 

replacing the diodes, further mitigates conduction losses 

and enables the reverse operation necessary for effective 

EV charging (Huang 2017,  Int. Ref.-1). 

 
Figure 1. (a) Conventional unidirectional Totem-Pole PFC 

Converter. (b) Bidirectional Totem-Pole PFC Converter. 

The specifications and parameter design of the proposed 

single-phase totem-pole PFC prototype are detailed in 

Table 1. 

Table 1. specifications and parameter design of the proposed 
Totem-Pole converter. 

2.2 Bidirectional Interleaved Totem-Pole Topology 

The interleaved totem-pole PFC topology, as shown in 

Figure 2, consists of two boost inductors, 𝐿1and 𝐿2. 

Inductor 𝐿1is connected to the high-frequency switching 

leg1, which comprises switches 𝑆1 and 𝑆2, while inductor 

𝐿2 is connected to the high-frequency switching leg2, 

consisting of switches 𝑆3 and 𝑆4. The third leg, known as 

the synchronous line-frequency leg, completes the 

rectification process. It employs two MOSFET switches, 𝑆5 

and 𝑆6, in place of conventional diodes, which helps 

minimize conduction losses. This configuration not only 

enhances overall efficiency but also allows for 

bidirectional power flow, making it well-suited for 

applications that require both power factor correction 

and bidirectional operation. Furthermore, the interleaved 

design reduces input current ripple, which improves 

power quality and decreases the size of passive 

components (Int. Ref.-3). 

Specifications Value 

Grid voltage (𝑉𝑖𝑛) 230 Vrms 
Grid frequency (𝑓) 50 Hz 
Switching frequency (𝑓𝑆𝑊) 100 kHz 
Output voltage or DC-link Voltage (𝑉𝑑𝑐) 400 V 
Boost inductor (L) 800µH 
Output Capacitor (𝐶𝑂) 2500µF 
Load Resistance (𝑅𝐿) (𝑉𝑂

2/𝑃𝑂) 
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Figure 2. Proposed Bidirectional Interleaved Totem-Pole PFC 
Converter. 

The operation of the interleaved totem-pole PFC 

converter is similar to the standard totem-pole topology 

shown in Figure 2, with a key difference: instead of using 

a single boost inductor, this topology employs two boost 

inductors. These inductors operate 180° out of phase, 

which reduces the input current ripple and divides the 

input current into two branches. This design reduces the 

current ratings of the switches, the size and ratings of 

passive components in the converter (Su and Lu 2010). 

During the positive half-cycle of the AC input voltage, 

switches 𝑆2 and 𝑆4 operate at the switching frequency to 

charge the boost inductors. A low-frequency switch, 𝑆6, 

operating at line frequency, completes the charging loop 

for the inductors. While the inductors are being charged, 

the load is supplied by the DC output capacitor. When the 

DC output voltage drops below the reference voltage, the 

controller activates another set of switches, 𝑆1 and 𝑆3, 

which are complementary to 𝑆2 and 𝑆4. These switches 

discharge the energy stored in the inductors, transferring 

it to the load and boosting the DC output voltage. This 

mode of operation is called the discharging process. 

Table 2. Specifications and parameter design of the 
proposed Interleaved Totem-Pole converter. 

Specifications Value 

Grid voltage (𝑉𝑖𝑛) 230 Vrms 
Grid frequency (𝑓)  50 Hz 
Switching frequency (𝑓𝑆𝑊)  100 kHz 
Output voltage or DC-link Voltage (𝑉𝑑𝑐)  400 V 
Boost inductors (𝐿1&𝐿2) 300µH 
Output Capacitor (𝐶𝑂) 3000µF 
Load Resistance (𝑅𝐿) (𝑉𝑂

2/𝑃𝑂) 

Similarly, during the negative half-cycle of the AC input 

voltage, the converter alternates between charging and 

discharging the boost inductors. However, in this case, 

the complementary switches for each leg are used 

compared to those active during the positive half-cycle. 

For more details about the operation and design 

consideration of this converter are discussed in (Tang, 

Ding, and Khaliah 2016). The specifications and parameter 

design of the proposed single-phase Interleaved totem-

pole PFC are detailed in Table 2. 

2.3 Controller Technique 

In order to effectively regulate the DC output voltage and 

to ensure that the input current is sinusoidal and in phase 

with the input voltage, it is essential to implement a 

closed-loop system employed in PFC converters. Various 

current control methodologies are employed in boost PFC 

converters, including hysteresis current control (Adige et 

al. 2022), average current control (Gupta and Vignesh 

Kumar, n.d.), and peak current control (Alsalem and 

Masoud 2024); however, the predominant technique is 

the average current control due to its numerous 

advantages, such as a straightforward control approach, 

resilience to external noise, reduced ripple in input 

current, and consistent operational stability (Jape and 

Musa 2009). 

The control strategy proposed in this study for the two 

types of totem-pole PFC converter is average current 

control, which keeps the inductor current in continuous 

conduction mode (CCM). Figures 3 and 4 illustrate the 

control schemes of the proposed totem-pole and the 

interleaved totem-pole, respectively. The average current 

controller employed for the totem pole converters 

illustrated in Figure 3 makes up two control loops: an 

inner current loop and an outer voltage loop. Both loops 

use conventional Proportional-Integral (PI) control 

methodologies. In contrast, the controller presented in 

Figure 4 for the interleaved totem pole features three 

control loops: two inner current loops and one outer 

voltage loop, all of which also apply conventional PI 

control techniques. 

The feedback control mechanism begins with the output 

DC voltage being measured and compared to a reference 

DC output voltage of 400V. The resulting error signal is 

then processed by a Proportional-Integral (PI) controller. 

The output of this voltage PI controller is scaled by a 

normalized input voltage to generate the inductor current 

reference signal (𝐼𝐿*). This reference current signal is then 

compared to the actual measured inductor current signal 

(𝐼𝐿), producing a new error signal that is fed into another 

PI controller. This controller's output decides the duty 

cycle for the high-frequency switches, 𝑆1 and 𝑆2. The duty 

cycle is constrained by a saturation block, ensuring it stays 

within the limits of 0 and 1. This duty cycle is then input 

into a Pulse Width Modulation (PWM) generator, which 

produces the necessary gate signals for the switches 𝑆1 

and 𝑆2. This feedback control process works continuously 

to ensure that a sinusoidal input current is drawn, and 

that the DC output voltage is regulated effectively.  
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Figure 3. The average current control Scheme for the proposed Totem-Pole Converter. 

 
Figure 4. The average current control Scheme for the proposed Interleaved Totem-Pole Converter. 

 

In a similar manner, the control strategy for the 

interleaved totem-pole converter depicted in Figure 4 

follows the same principles. However, it incorporates an 

additional inner current control loop responsible for 

generating gate signals for the high-frequency switches 𝑆3 

and 𝑆4 associated with the second leg of the converter. A 

distinctive feature of this control loop is that the carrier 

signal used in the PWM generator is phase-shifted by 180° 

degrees relative to the carrier signal employed in the 

PWM generator of the first inner current control loop. 

Furthermore, the pulse signals for the synchronous 

switches in both proposed converter configurations 

(namely 𝑆3and 𝑆4 for the totem-pole and 𝑆5 and 𝑆6 for the 

interleaved totem-pole converter) are generated based 

on the polarity of the input voltage (𝑉𝑖𝑛). This design 

allows the switches to function similarly to diodes during 

the PFC operation of the proposed converters.  

The notch filter implemented within the two control 

schemes illustrated in Figures 3 and 4 functions as a band-

stop filter, specifically designed to attenuate the 2𝑛𝑑order 

harmonic (100 Hz) ripple present in the output voltage 

signal. This 2nd order harmonic ripple arises as an 

inherent consequence of the operational characteristics 

of the totem pole PFC converters. The existence of 

harmonic significantly influences the waveform of the 

input current; thus, the employment of such a filter serves 

to mitigate power quality concerns on the input side.  

2.4 Description of the Simulation 

Figures 1(a) and 2 illustrate the complete configurations 

of the two proposed PFC converters. Both designs are 

intended to operate as front-end stages in single-phase 

onboard chargers for electric vehicles. The converters are 

evaluated over a wide output power range from 500 W to 

18 kW, making them suitable candidates for Level 2 EV 

charging applications. This work proposes an alternative 

to conventional three-phase PFC solutions typically used 

at high power levels, demonstrating the feasibility of 

achieving high performance using single-phase 

topologies. The component  specifications and design 

parameters for each converter are provided in Table 1 

and Table 2, corresponding to the bidirectional totem-

pole and interleaved totem-pole topologies, respectively. 

The simulation models were created using MATLAB 

/Simulink, with all control loops implemented in a 

discrete-time framework. The Key simulation parameters 

include a nominal grid voltage of 230 Vrms at 50 Hz, a 

switching frequency of 100 kHz, and a regulated DC 

output voltage of 400 V, while maintaining the capability 

to expand the regulation range from 350 V to 800 V, 

allowing flexibility for different EV battery configurations 

and charging requirements. SiC MOSFETs were used as 

switching devices to handle the high frequency and power 

demands efficiently. The average current mode control 

strategy was applied for both converters, maintaining 
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CCM operation across the tested power range. The 

simulation time step was configured to capture 10 

samples of each switching cycle, corresponding to the 100 

kHz switching frequency, to accurately represent the 

dynamics of high-frequency switching. 

3. Results and Discussions 

This section discusses the simulation results of the steady-

state behavior and dynamic performance of the proposed 

bidirectional totem pole and bidirectional interleaved 

totem pole topologies. The analysis covers a wide range 

of output power, from 500 W (light load) to 18 kW (heavy 

load), All voltage and current waveforms shown in the 

figures below are expressed in volts (V) and amperes (A). 

The performance of single-phase totem pole and 

interleaved totem pole prototypes has been evaluated 

over a wide range of output power levels. Figures 5 and 6 

illustrate the steady-state operation of both converters, 

showing their behavior under a rated 230V AC voltage 

during both heavy and light output power loading 

conditions. The simulation results indicate that the input 

voltage and current are in phase for both proposed PFC 

converters under conditions of both high and low output 

power, as illustrated in Figures 5(c) and 6(c) for the totem-

pole prototype, and Figures 5(f) and 6(f) for the 

interleaved totem-pole prototype. This alignment 

signifies that both converters are operating at a unity 

power factor. 

The proposed average current controllers for the two 

designed PFC converters effectively regulate the output 

DC voltage to maintain a range of 400V under varying load 

conditions, both high and low, as illustrated in  

 

 
Figure 5.  Steady-state input current and voltage waveforms under 18 kW load for (a–c) totem-pole and (d–f) interleaved converters, 

showing unity power factor operation. 
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Figure 6. Steady-state input current and voltage waveforms under 500 W load for (a–c) totem-pole and (d–f) interleaved converters, 

showing unity power factor operation. 

 

Figures 5(b), 6(b), 5(e), and 6(e) for both prototypes. 

Additionally, these controllers are capable of tracking a 

sinusoidal input current in accordance with the load 

value. Figures 5(a), 5(d), 6(a), and 6(d) depict the output 

power waveforms under both heavy and light load 

scenarios for both prototypes. Furthermore, it is 

noteworthy that the ripple in DC output voltage and 

power for the interleaved prototype is less than that 

observed in the totem-pole prototype. 

The dynamic response of the two prototypes is evaluated 

under worst-case conditions, particularly during heavy 

load scenarios. This assessment involves subjecting the 

prototypes to a 20% voltage sag in the AC input voltage 

(down to 184 Vrms) while operating at a heavy load of 18  

kW. Additionally, a 20% voltage swell in the AC input 

voltage (up to 276 Vrms) is applied at t = 0.8 s, maintaining 

the same output power load of 18 kW. The dynamic 

response waveforms corresponding to the sag condition 

for both prototypes are shown in Figure 7. During the 

voltage sag event, the totem-pole converter experiences 

a temporary drop in output power at t = 0.8 s, as shown 

in Figure 7(a). In response, the controller compensates by 

increasing the input current drawn from the grid Figure 

7(c), to meet the power demand. Additionally, the DC link 

voltage on the output side of the converter is also 

affected by this sag, as depicted in Figure 7(b). The output 

voltage loop of the controller detects the mismatch 

between the desired output value and the decreased 

value at t = 0.8 seconds, prompting it to generate a new 

𝐼𝑟𝑒𝑓  to counteract the decline in the DC link voltage. The 

interleaved totem-pole converter demonstrates a strong 

response to a 20% voltage sag. As illustrated in Figure 

7(d), the output power experiences a brief dip at t = 0.8 

seconds but recovers quickly as the controller increases 

the input current, as shown in Figure 7(f). Throughout the 

disturbance, the DC-link voltage stays close to the 

reference value of 400 V, as indicated in Figure 7(e). This 

stability reflects better voltage regulation compared to 

the single-leg totem-pole configuration. 
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Figure 7. Dynamic Behavior waveforms during voltage sag.  (a-c) Totem-Pole Prototype. (d-f) Interleaved Totem-Pole Prototype. 

 
Figure 8. Dynamic Behavior waveforms during voltage swell. (a-c) Totem-Pole Prototype. (d-f) Interleaved Totem-Pole Prototype. 
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The interleaved architecture enhances stability by 

distributing current across both phases, which increases 

the converter's resilience to fluctuations in input voltage. 

The results for the interleaved totem-pole prototype 

demonstrate that the response time for voltage sag 

ranges from 0.5 to 0.6 seconds in the worst-case scenario. 

The THD of the source current for the totem-pole 

configuration is 2.32%, whereas the interleaved topology 

achieved a slightly lower THD of 2.29%. This small 

improvement reflects the benefit of interleaving in 

reducing input current ripple and harmonics. Both values 

comply with IEEE 519 standards, confirming that both 

topologies are suitable for grid-connected EV applications 

in terms of harmonic performance, as illustrated in Figure 

9 (a) and (b).  

In the second dynamic scenario, a 20% input voltage swell 

was applied at t = 0.8 s, increasing the AC input from 

230 Vrms to 276 Vrms under a fixed output power of 

18 kW. The simulation results, shown in Figure 8, capture 

the converters' transient responses to this overvoltage 

case.  Both converters exhibited a slight increase in the 

output DC-link voltage and output power at t = 0.8 s, as 

shown in Figures 8(a) and 8(b) for the totem-pole 

converter, and in Figures 8(d) and 8(e) for the interleaved 

totem-pole converter. Although these values increased 

slightly, they remained within the permissible operational 

limits. 

 Moreover, under varying output voltage and power 

demand conditions, both prototypes maintained a high 

PF, as evidenced by the input current waveforms shown 

in Figures 8(c) and 8(f). This behavior can be attributed to 

the outer voltage loop of the controllers, which effectively 

responded by decreasing the 𝐼𝑟𝑒𝑓  drawn from the source, 

as depicted in the aforementioned figures. This behavior 

confirms that both converter designs can withstand grid 

overvoltage conditions without compromising power 

quality. 

Under voltage swell conditions, the THD of the source 

current increased significantly for both converters. As 

illustrated in Figure 9(c), the totem-pole converter 

recorded a THD of 9.49%, while the interleaved version 

had a higher THD of 19.9% as shown in Figure 9(d). Both 

values exceed the IEEE 519 recommended limit of 5% for 

grid-connected applications, indicating that the 

converters operate outside their optimal range during 

extreme overvoltage. However, when tested at a slightly 

lower swell level of 270 Vrms, both converters maintained 

a THD below 5%, which is consistent with typical 

residential grid tolerances. This suggests that the 

proposed topologies are suitable for practical grid 

conditions, but may require additional harmonic 

mitigation or improved control strategies for more severe 

swell events. 

 
Figure 9. THD spectra of the source current under dynamic conditions. (a) and (b) show the THD at 184 Vrms input (voltage sag) for 

the totem-pole and interleaved totem-pole converters, respectively. (c) and (d) illustrate the THD at 276 Vrms input (voltage swell) 

for the same converter topologies. 

 

4. Topologies Comparison 

The comparative efficiency performance of the two 

converter topologies is illustrated in Figure 10. Both the 

bidirectional totem-pole and the interleaved totem-pole 

converters demonstrate high efficiency across a wide 

power range, particularly under mid-to-high load 

conditions. The interleaved topology consistently 

outperforms the standard totem-pole configuration when 
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the output power exceeds 10 kW. This is primarily due to 

better current distribution across parallel switching legs, 

which reduces conduction losses. However, at low power 

levels (below ~1 kW), both converters exhibit noticeable 

efficiency degradation, making them less suitable for 

light-load conditions. In such scenarios, conventional 

bridgeless or bridge PFC topologies may offer superior 

performance with lower switching losses. 

Figures 11 and 12 illustrate the THD of the source current 

throughout the entire power range for both converter 

topologies. The results show that both converters 

maintain THD levels below the 5% threshold established 

by the IEEE 519 standard under steady-state conditions. 

 
Figure 10. Efficiency versus output power for two totem pole 

PFC converters. 

 

 
Figure 11. THD as a function of output power for Totem-Pole 
Topology. 

 
Figure 12.  THD as a function of output power for Interleaved 
Totem-Pole Topology. 
 

Notably, the interleaved topology exhibits slightly lower 

THD across most power levels, particularly at higher 

loads, due to its reduced input current ripple and the 

phase cancellation effect. This supports the suitability of 

both designs for grid-connected EV applications, with the 

interleaved version demonstrating marginally better 

harmonic performance. 

Across the full load range (500 W-18 kW), both topologies 

maintained a power factor of 0.999, indicating lower 

input current distortion and minimal phase displacement 

between input voltage and current. This reinforces the 

effectiveness of the average current control strategy in 

achieving near-unity power factor performance. 

The proposed totem-pole and interleaved totem-pole 

topologies achieve a lower THD compared to the 7.7 kW 

bidirectional converter discussed in (Kumar and Yi 2022). 

Specifically, the proposed topologies attain THD values of 

1.72% and 1.14%, respectively, at a higher power level of 

18 kW. In contrast, the THD during Grid-to-Vehicle (G2V) 

operation was 4.81%. Additionally, these new topologies 

demonstrate reduced THD at the same rated power, 

showing improved scalability. Similarity, while (Tang, 

Ding, and Khaligh 2016) proposed a 3.3 kW interleaved 

bridgeless totem-pole PFC converter for plug-in electric 

vehicles, achieving a maximum efficiency of 98.9% and a 

THD of 2.78% at 2KW power rating using SiC-based 

switches with regulated dc-link voltage in range 300V to 

600V. While the proposed interleaved totem pole has less 

THD and efficiency at 2KW, it offers enhanced power 

handling capability and an expanded regulated output 

voltage range of 350 V to 800 V. 

The main disadvantage of the proposed topologies is the 

high output ripple that occurs as the output power 

capability of the converters increases. In the worst-case 

scenario, this ripple can reach around 50V, which poses a 

limitation for selecting these types of PFC converters in 

high-power applications.  The simulation results show 

that the totem pole topology has less output ripple 

compared to the interleaved topology. Therefore, the 

choice between the two topologies of the totem pole PFC 

converter ultimately depends on the specific input and 

output requirements, which will determine both the cost 

and size of the converter. 

5. Conclusion 

This research examined two single-phase totem-pole PFC 

converter topologies: the bidirectional and the 

bidirectional interleaved designs. The goal was to 

evaluate their effectiveness in improving power quality 

for Level 2 bidirectional EV chargers, with a power range 

extending up to 18 kW. Both converters demonstrated 

excellent performance, achieving a near-unity power 

factor of 0.999 and adhering to IEEE 519 standard for THD 

across a broad operating range. The interleaved topology 

showed higher efficiency and better THD performance, 
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especially at power levels exceeding 10 kW, making it 

more suitable for high-power applications. However, this 

configuration also exhibited greater output voltage ripple 

compared to the standard totem-pole topology, which 

could restrict its use in applications that require low 

ripple. The study emphasizes that the choice between 

these topologies should be based on specific application 

requirements, such as output ripple tolerance, efficiency, 

and power quality needs. Future work may investigate 

advanced control strategies and design of passive 

components to reduce the ripple issues encountered 

during high-power operations. 
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