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[Abstract]

This paper presents a comparative analysis of four LLC resonant converter topologies (HBLLC,
FBLLC, HBILLC, and FBILLC) for EV charger applications. The operating principles and voltage gain
characteristics of each topology are analyzed based on the fundamental harmonic approximation, and
key design parameters such as resonant inductance, magnetizing inductance, and switching frequency are
derived. All converters are designed for a rated power of 6.6 kW with an input voltage of 380V and
an output voltage range of 200V—450V. Their performance is compared in terms of power loss,
efficiency, and power density using PLECS simulation results. This study compares the performance of
various LLC converter structures to derive an optimal topology that achieves high efficiency and power

density over a wide output voltage range required for EV charging systems.
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I. Introduction
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Fig. 1. Circuit diagram of (a) HBLLC and (b) FBLLC
resonant converters.
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Fig. 2. Circuit diagram of (a) HBILLC and (b) FBILLC
resonant converters.
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2. Operating Principle
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Fig. 3. Typical waveforms of LLC and ILLC resonant
converter operating at a frequency below resonance region.
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III. Analysis and Design Methodology

1. Gain Analysis
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Fig. 4. Equivalent circuits of (a) LLC and (b) ILLC
resonant converters.
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Fig. 5. Voltage gain curves according to load change.
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frequency.
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Table 1. Resonant Tank Parameters for Different
Topologies

Topology Parameters Value
Resonant inductance L, 6.5uH
HBLLC Resonant capacitance C, 390nF
Magnetizing inductance L,, 26 11H
Resonant inductance L, 24uH
FBLLC Resonant capacitance C, 105nF
Magnetizing inductance L,, 96 11H
Resonant inductance L, 13uH
HBILLC Resonant capacitance C, 195nF
Magnetizing inductance L,, 52 j1H
Resonant inductance L, 56 uH
FBILLC Resonant capacitance C, 45nF
Magnetizing inductance L,, 224 11H
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Table 2. System Parameters

Parameter Symbol Product/Value
Input voltage V., 380V
Output voltage v, 200V-450V
Rated Output Power P, 6.6kW
Switching frequency I 55kHz-100kHz
Resonant frequency I 100kHz
SiC MOSFETS S — S C3M0015065K
Turns ratio n(Np1 :N,) 1.8(9:5)
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Fig. 8. Simulation steady—state waveforms of (a) HBLLC,
(b) FBLLC, (c) HBILLC, (d) FBILLC at output 200V,
14.6A, f. = 100kHz.
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Fig. 9. Simulation steady-state waveforms of (a) HBLLC,
(b) FBLLC, (c) HBILLC, (d) FBILLC at output 450V, 14.6A,
f. = 55kHz.

V. Results Analysis

1. Loss and Efficiency
PLECS Al&do]ME Eoff SiC MOSFET ¥ tio]et
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d

Topology Conduction loss [W] Turn-on loss [W] Turn-off loss [W] Total loss [W]
HBLLC 173.21 0 6.65 179.86
FBLLC 154.27 0 5.63 160
HBILLC 154.69 0 4.67 159.35
FBILLC 147.46 0 3.26 150.72
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2. Power Density
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VI. Conclusions
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