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This paper proposes a dual LLC converter based on a six-switch bridge to charge deeply depleted plug-in electric 

vehicle onboard battery packs. The primary-side switch network comprises an input series or parallel, and two types 

of transformer-independent modes. Thus, there are four operation modes. In the input series mode, normalized voltage 

gains are scaled to 0.5; therefore, a low output voltage can be obtained. In addition, in the input parallel mode, the 

normalized voltage gains are scaled to 2.0. These four modes operate at the resonant frequency at the switching 

frequency. Therefore, the efficiency performance can be optimized over a wide output voltage range. The validity of 

the proposed system is confirmed with a 1-kW prototype. 
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Fig.1 Typical circuit of a battery charger. 

 

 

Fig.2 DC voltage characteristics of LLC topology 

 

 

Fig.3 Full Bridge LLC Converter 

 

 

Fig.4 Proposed type LLC converter 
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Fig.5 Key waveforms of the proposed converter  

in the mode 1 with fs  fr 
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Fig.6 Operation states of the proposed LLC converter 

in the mode 1:(a) t0~t1 (b) t1~t2 (c) t2~t3 
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Fig.7 Operation states of the proposed LLC converter 
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  Fig.8 Key waveforms of the proposed converter  

  in the mode 2 with fs  fr 
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Fig.9 Operation states of the proposed LLC converter 

in the mode 3:(a) ON:S1 S2 S3 S6 (b) ON:S1 S2 S4 S5 
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Fig.10 Operation states of the proposed LLC converter 
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Fig.11 Key waveforms of the proposed converter  

  in the mode 4 with fs  fr 
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Table1 Design specification 

Input voltage VDC 300V 

Output voltage Vo 100 to 420V 

Resonant frequency fr 100kHz 

Switching frequency fs 65 to 130kHz 

Dead time td 150ns 

 

 

 

 

 

 

 

 

 

 

 

Fig.12 DC gain characteristics of resonant circuit  

in mode 1 ,2 ,and 4 
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Table2 Experimental conditions 
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Fig.14 Experimental voltage gain curves of the proposed LLC 

converter at different loads. 
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Fig.16 Measured efficiency versus the output power of with 

different output voltages and operation modes. 
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Fig.17 Transitions waveforms of the LLC between modes: 

(a) From 1 to 2, and (b) from 2 to 4 
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