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ABSTRACT: This paper presents the simulation of an Interleaved LLC Resonant DC-DC converter for renewable 
energy sources. The proposed topology reduces the voltage and current stress of the components, increases the step 
down conversion efficiency and reduces the component count compared to the conventional dual LLC converters. Zero 
voltage switching (ZVS) is applied for the main switches and zero current switching (ZCS) for the resonant diodes to 
reduce the switching losses. The basic design of the proposed converter is discussed in this paper. Simulation studies 
are carried out in MATLAB. The results are verified. 
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I.INTRODUCTION 

 
   Nowadays power capacity and high conversion efficiency are essential for renewable power generation systems.  For 
medium and high power applications full bridge and half bridge converters are frequently adopted. Variable duty ratio 
and modulating frequency are the control measures of these full / half bridge-type converters.  Active-clamping 
converters [1], asymmetric half-bridge converters, and phase shift pulse width modulation converters performing zero 
voltage switching (ZVS) or zero current switching (ZCS) with lower switching losses and reach higher efficiency by 
duty ratio control. However, at wide input voltage range and different load conditions these converters are difficult to 
achieve ZVS resonant phenomenon [2-3]. At high frequency control, which effectively extend operating range for 
either ZVS or ZCS transient at various load conditions many full / half bridge resonant converters are operated. There 
are two main disadvantages for the pure series and parallel resonant converters. In series resonant converters at no-load 
conditions the output voltage cannot be controlled properly and in parallel resonant converters the circulating energy in 
resonant tanks is too high thereby the circuit efficiency is reduced [3-5]. The LLC resonant converter has many 
advantages than series and parallel resonant converters. It has high conversion efficiency and narrow frequency 
variation. For wide input voltage range and variable load conditions the power switches can be turned on at ZVS and 
the rectifier diodes can also be turned off at ZCS [5-6]. 
 
For higher power applications, dual converters are proposed for its input structure either in series or parallel connection 
with interleaved switching scheme. Some researchers focused on developing multi-resonant-tank converter for 
decreasing current and voltage stress on components [6-9]. These converters are used to double output power, reduce 
output current ripple and decrease stress on components. However, the parts count and size are getting increased. Large 
power capability can be attained by connecting two-phase interleaved LLC converters in series or in parallel [10]. Due 
to the input parallel or series connection these solutions reduce the current or voltage stress on components at primary 
side. Thus, to reduce the size and cost but still to transfer the same power, a novel LLC converter with parallel-input 
parallel-output resonant tank is proposed in this paper. 
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II.INTERLEAVED LLC 
 

   LLC resonant converters exhibit a large voltage ripple on output filter capacitor because of the rectified sine-wave 
current injected through the transformer secondary windings. In order to reduce the capacitor size and/or the steady-
state output voltage ripple, the interleaved approach can be profitably applied. The parameters of dual resonant tanks 
are identical. The duty cycle of gate signal vG1 and vG2 are both approximate 50 % complementary to each other. The 
active switches and output rectifiers reach ZVS and ZCS in the dead time zone. [11] .In Figure 1 the interleaved LLC 
resonant DC-DC converter is depicted: two identical modules are parallel connected and switched at the same 
frequency but with 180 degrees phase-shift of their driving signals. 
 

 
Fig.1.Circuit diagram of Interleaved LLC Resonant DC-DC Converter 

 
III.MODES OF OPERATION 

 
The interleaved LLC resonant DC-DC converter has 12 operating modes in a switching period. Mode I to Mode VI and 
Mode VII to Mode XII can be seen as the same operating status but different switches. [15] 
Mode I [ 0t , 1t ]: 

During this transition interval, 1S , 2S , and 1D  are off. The transformer is decoupled. The resonant tanks current let 

C 3  discharging but C 4  charging respectively. When the voltage on C 3  (it also can be seen as V 1DS ) drops to zero, 

thus the anti-paralleled diode of 1S  is turned on. Meanwhile, the voltage on C 4  (it also can be seen as V 2DS ) rise to 

V in  at the end of this mode. 
 
Mode II [ 1t , 2t ]: 

During this transition interval; 1S  and 2S  are off, but 1D  is conducted. The current of resonant inductor rLi  is larger 

than magnetizing inductor current mLi  so that power can be transferred to secondary side of two transformers 
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respectively. Because 1D  is turned on, the voltage on L 1m  and L 2m  are respectively clamped to –nV O  and nV O .  

When 1S  turns on, this mode end. 

Mode III [ 2t , 3t ]: 

During this transition interval; 1S  and 1D  are conducted but 2S  is turned off. The anti-paralleled diode of 1S  keeps 

turning on so that V 1DS  is clamped as diode forward voltage, thus the 1S  is commutated as ZVS. This mode is ended 

when the resonant inductor currents 1rLi  and 2rLi down to zero. 
 
Mode IV [ 3t , 4t ]: 

During this interval, 1S  and  1D are conducted but 2S  is turned off. The upper resonant tank is receiving energy from 

capacitor C1 . The magnetizing inductor L 1m  is transferring energy to secondary side of transformer T 1 . The lower 

resonant tank is receiving energy from V in  through capacitor C 2 . The magnetizing inductor L 2m  is transferring energy 

to secondary side of transformer T 2 . The resonant capacitor current rCi  is the sum of 1rLi  and 2rLi . This mode 

ends when the magnetizing currents 1mLi  and 2mLi  become zero. 
 
Mode V [ 4t ,

5
t ]: 

During this interval, 1S  and 1D  are conducted but 2S  is turned off. The upper resonant tank is receiving energy from 

capacitor C1  to magnetizing inductor L 1m  and transferring energy to secondary side of transformer T1. The lower 

resonant tank is receiving energy from V in  to magnetizing inductor L 2m  and transferring energy to secondary side of 

transformer T 2 . When the magnetizing inductor current mLi  is equal to resonant inductor current rLi , this mode 
ends. 
 
Mode VI [

5
t , 6t ]: 

During this interval, 1S  is conducted but 2S  and 1D  are turned off. The integrated resonant capacitor C r  starting 

resonate with magnetizing inductor L m  and leakage inductor L r  of individual resonant tank. The resonant energy did 

not transfer to secondary side of these two transformers; they are decoupled at this moment thus the 1D  is commutated 

as ZCS. When 1S is turned off, this mode ends. 

IV.DESIGN EQUATIONS 
 

The design equations for the resonant frequency , transformer turns ratio, resonant inductor and resonant capacitor are 
shown as below: 
The two resonant frequencies are, 

rr
r CL

F
2

1
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Transformer Ratio & Resonant inductor 
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Based on the Equations (1)- (5), the converter is designed and the parameters are shown in Table V. 

V.SIMULATION PARAMETERS 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
VI. RESULTS AND DISCUSSION 

 
In Fig.2.gating pulses of two switches are shown. Also the voltage and current waveforms are depicted for switch 1. 
Voltage and current of switch 1 are obtained as 400V ,50A respectively

. 

Simulation parameters for LLC resonant  converter 
Parameter Designator Value 
 
Input Voltage 

 

inV  

 
400V 

 
Resonant Inductor 

 

rL  
 
25µH 

 
Resonant Capacitor 

 

rC  

 
264nF 

 
Magnetizing Inductor  

 

mL  

 
2.88H 

 
Resonant frequency 

 

rF  

 
92KHz 

 
Switching frequency 

 

SF  

 
80KHz 

 
Turns ratio 

 

nN  

 
5:1:1 
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Fig.2.Waveforms of  Switch 1(Mosfet) 

Voltage and current waveforms of switch 2 are shown in Fig.3. They are obtained as 400V, 50A respectively. Here the 

achievement of ZVS is shown.   

 
Fig.3.Waveforms of Switch 2(MOSFET1) 

 
In Fig.4.Voltage across capacitor 1, capacitor 2, resonant capacitor and current through the resonant capacitor are 
shown. Voltage across the capacitors 1 and 2 is obtained as 110V. It is clear from the figure that the voltage and current 
of resonant capacitor are in phase

. 
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Fig.4.Voltage and current waveforms of the capacitors C1,C2,Cr 

In Fig.5.voltage and current waveforms of secondary side diode are shown. Here ZCS is achieved.   

 
Fig.5.Voltage and current waveforms of  Diode 1 at the secondary side 

In Fig.6.output voltage waveform is shown. For the input of 400V the output is obtained as 28V. 
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Fig.6.Output voltage of interleaved LLC resonant DC-DC converter 

 
VII. CONCLUSION 

 
Simulation of an Interleaved LLC Resonant DC-DC converter is presented in this paper. The proposed converter 
reduces the current and voltage stress on the components  and for an input of  of 400V, the  output  obtained is 28V. By 
soft switching, the losses are reduced and the component count of the proposed LLC results in  reduced size compared 
to the dual LLC topology. 
 

REFERENCES 
 

1. Robert Watson, Fred C. Lee, and Guichao C. Hua, “Utilization of an active clamp circuit to achieve soft switching in flyback converters,” IEEE Trans. 
Power Electron., vol. 8, pp. 162-169, Jan. 1996. 

2. Ya-Chun Chen, Tsorng-Juu Liang , Wei-Jing Tseng, Jia-You Lee, and Lung-Sheng Yang, “Design and implementation of LLC resonant converter with 
high efficiency at light load condition,” in Proc. IEEE PEDG ’02, pp. 538-542, Jun. 2010. 

3. Reza Beiranvand, Bizhan Rashidian, Mohammad Reza Zolghadri, and Seyed Mohammad Hossein Alavi, “Using LLC Resonant Converter for Designing 
Wide-Range Voltage Source,” IEEE Trans. Ind. Electron., vol. 58, pp. 1746-1756, May. 2011. 

4. Seung-Hee Ryu, Dong-Hee Kim, Min-Jung Kim, Byoung-Kuk Lee, and Jong-Soo Kim, “Operating optimization at light load of series resonant DC-DC 
converter with duty-adjusted frequency control in EVs on-board charger,” in Proc. IEEE VPPC, pp. 777-782, Oct. 2012. 

5. Saichol Chudjuarjeen, Anawach Sangswang, and Chayant Koompai, “An Improved LLC Resonant Inverter for Induction-Heating Applications with 
Asymmetrical Control,” IEEE Trans. Ind. Electron., vol. 58, pp. 2915-2925, May. 2011. 

6. Maurice G. L. Roes, Jorge L. Duarte, and Marcel A. M. Hendrix, “Disturbance Observer-Based Control of a Dual-Output LLC Converter for Solid-State 
Lighting Applications,” IEEE Trans. Power Electron., vol. 26, pp. 2018-2027, July. 2011. 

7. Reza Beiranvand, Bizhan Rashidian, Mohammad Reza Zolghadri, and Seyed Mohammad Hossein Alavi, “Optimizing the Normalized Dead- Time and 
Maximum Switching Frequency of a Wide-Adjustable-Range LLC Resonant Converter,” IEEE Trans. Power Electron., vol. 26, pp. 462-472, Feb. 2011. 

8. Bor-Ren Lin, Jyun-Ji Chen, and Jian-Yo Jhong, “Analysis and Implementation of a Dual Resonant Converter,” IEEE Trans. Ind. Electron., vol. 58, pp. 
2952-2961, July. 2011. 

9. Oun Lee, Shin-Young Cho, and Gun-Woo Moon, “Three-Level Resonant Converter with Double LLC Resonant Tanks for High-Input- Voltage 
Applications,” IEEE Trans. Ind. Electron., vol. 59, pp. 3450-3463, Sept. 2012. 

10. Bong-Chul Kim, Ki-Bum Park, Chong-Eun Kim, Gun-Woo Moon, “Load Sharing Characteristic of Two-Phase Interleaved LLC Resonant Converter 
with Parallel and Series Input Structure,” in Proc. IEEE ECCE, 2009, pp.750-753. 

11. Shih-Ming Chen ; Yong-Hong Haung ; Yi-Yuan Chung ;Yi-Hsun Hsieh ; Tsorng-Juu Liang,” A novel interleaved LLC resonant converter”  39th Annual 
Conference of the Industrial Electronics Society, IECON 2013 - IEEE Publication Year: 2013 , Page(s): 293 – 297. 

12. Ho-Sung Kim ; Ju-Won Baek ; Myung-Hyu Ryu ;Jong-Hyun Kim ; Jee-Hoon Jung ,” The High-Efficiency Isolated AC–DC Converter Using the Three 
Phase Interleaved LLC Resonant Converter Employing the Y-Connected Rectifier” IEEE Transactions on   Power Electronics,  Volume: 29 , Issue: 8 
Publication Year: 2014 , Page(s): 4017 – 4028. 

13. Feiyue Duan ; Ming Xu ; Xu Yang ; Yuan Yao ,”Asymmetrical interleaving strategy and AVP concept for interleaved LLC resonant DC/DC Converter” 
Twenty- Ninth Annual IEEE Applied Power Electronics Conference and Exposition (APEC),2014  
Publication Year: 2014 , Page(s): 2003 – 2010. 

14. Chien-Hsuan Chang ; Chun-An Cheng ; Hung-Liang Cheng ;Ching-Fu Lin ,” Analysis and design of a novel interleaved single-stage LLC resonant AC-
DC converter” 10th International Conference on Power Electronics & Drive Systems (PEDS) 2013, pp.602-607. 

15. Figge, H. ; Grote, T. ; Schafmeister, F. ; Frohleke, N. ;Bocker, J. ,” Two-phase interleaving configuration of the LLC resonant converter - Analysis and 
experimental evaluation” IEEE 39th Annual Conference of the  Industrial Electronics Society, IECON 2013 -Publication Year: 2013 , Page(s): 1392 – 
1397. 

 


