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Abstract. At present, LLC resonant converters are mostly used in step-down situations. The 

reason why LLC resonant converters are not used in high step-up situations is that parasitic 

parameters caused by high turn-to-turn ratio of transformers affect the circuit and the large 
current stress of switching devices and resonant components on the input side. In this paper, a 

new type of LLC resonant converter circuit, i.e. input parallel output series subside resonant 

LLC resonant converter, is designed. It can not only reduce the current stress borne by the 

switching devices on the input side and the resonant components, but also reduce the 

turn-to-turn ratio of the transformer under the same output voltage. Therefore, it can be used in 

boost occasion to output high voltage. In this paper, a new type of circuit is used in high boost 

situation, and the final output is stable 2KV high voltage. 

1. Introduction 

Resonant converter has been widely used because of its high efficiency, high power density, small 

electromagnetic interference and wide input voltage range. In particular, LLC resonant converter can 
realize zero voltage switching of power switch and zero current switching of rectifier diode in full load 

range. At present, the research of LLC resonant converter mainly focuses on voltage stabilization and 

voltage reduction [1-3]. The parasitic parameters of transformer affect the circuit, which leads to the 
instability and uncontrollability of the circuit, as well as the large current stress on the switching 

devices and harmonic components on the input side, which results in the high requirement and large 

volume of the device, so it is not suitable for high boost voltage situations. 

In this paper, a new type of LLC resonant converter circuit, multi-module input parallel output 
series subside resonant LLC resonant converter, is designed. The current stress of the resonant element 

is reduced by using the second-side resonance. The current stress of the switching device and the 

voltage stress of the subside element can be reduced by using the multi-module input parallel output 
series converter [5]. To increase the output voltage, and the multi-module can greatly reduce the 

turn-to-turn ratio of the transformer, thereby reducing the parasitic parameters of the transformer on 

the circuit. In order to verify the feasibility of the circuit, the circuit of LLC converter with 
multi-module input parallel output series subside resonant is modeled and simulated in MATLAB. The 

simulation results show that the designed multi-module input parallel output series subside resonant 

LLC resonant converter can output 2kV stable voltage and has good steady-state performance. 

2. Operating Principle of Input-Parallel-Output Series Parallel-Side Resonant LLC Resonant 

Converter 

The input parallel output series subside resonant LLC resonant converter uses secondary side resonant 

to reduce the current stress of the resonant element. The multi-module input parallel output series 
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converter can reduce the current stress of the switching device and the voltage stress of the secondary 

side resonant converter. Because of the multi-module, compared with the single-module LLC resonant 

converter circuit, the multi-module input parallel output series converter can reduce the current stress 
of the switching device. The turn-to-turn ratio of the transformer can be greatly reduced, and the 

parasitic parameters of the transformer can be reduced. The model of the new circuit is shown in Fig. 1. 

In this paper, the two-module system is analyzed. 
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Figure 1. Input-Parallel-Output Series 

Second-Side Resonant Slot LLC Converter. 

 Figure 2. Main working waveforms. 

Firstly, the transient process of the circuit is analyzed. The main waveform of the system is shown 
in Fig. 2, and the switching mode of the system is analyzed. 

Switching mode 1 [t0-t1], as shown in Figure 3 (a): at t0, the switches Q1 and Q3 are turned on at 

zero voltage.At this time, the direction of the resonance current at the side of the secondary side has 
not changed for the time being, but the current value decreases rapidly. The rapid attenuation of the 

secondary resonant current will produce a reverse voltage in the secondary winding which is not 

related to the resonant current reference direction. When the reverse voltage is greater than the sum of 

the output voltage and the on-off voltage drop of two rectifier diodes, the rectifier diodes D3, D6, D9 
and D12 are on, and the inductors Ls1 and Ls2 are clamped in Vo, without participating in resonance, and 

the inductor current begins to increase linearly in reverse direction. 

Switching mode 2 [t1-t2], as shown in Fig. 3 (b): changes in the direction of iLr1 and iLr2 of the 
secondary side resonance current at t1, while the direction of iLs1 and iLs2 of the excitation current 

remains unchanged for the time being. Both of them provide the load current ip. Secondary rectifier 

diodes D3, D6, D9 and D12 are on, inductors Ls1 and Ls2 are clamped in Vo, and inductor current 

continues to increase linearly in reverse direction. 
Switching mode 3 [t2-t3], as shown in Fig. 3 (c): the direction of excitation current changes at t2. 

The difference between resonance current iLr1, iLr2 and excitation current iLs1, iLs2 is equal to load 

current ip1 and ip2. At t3, although the VAB is still greater than 0, the resonant current is not enough to 
support the rising rate of excitation current. ip1 and ip2 are equal to 0. At this time, the current of D3, 

D6, D9 and D12 is naturally zero-crossing, the diode achieves zero current switching (ZCS). 

Switching mode 4 [t3-t4], as shown in Fig. 3 (d): during t3-t4 period, the resonant currents iLr1 and 
iLr2 are equal to the excitation currents iLs1 and iLs2. Excitation inductors Ls1, Ls2, resonant inductors Lr1, 

Lr2, resonant capacitors Cr1, Cr2 participate in LLC resonance, diode D3, D6, D9, D12 reverse bias 

cut-off. Because the switches Q1 and Q3 are turned off at t4, the diodes D4, D5, D10 and D11 are also cut 

off during t3-t4. Therefore, in t3-t4 time, the energy required to load RLd is supplied by capacitor Cf, and 
the converter depends on capacitor Cf to maintain the output voltage unchanged. 

Switching mode 5 [t4-t5], as shown in Fig. 3 (e): at t4, the switch Q1 and Q3 are turned off, and Q2 

and Q4 are still turned off, and the circuit enters dead time. Rectifier diodes D3, D6, D9 and D12 are cut 
off by reverse bias. The output is isolated by transformer, and the output capacitor Cf supplies power 

to the load. Because the inductances iLs1 and iLs2 have large inductance values and the duration of mode 

5 is very short, it can be approximately considered that the resonant inductance current remains 
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unchanged in the t4-t5 period, i.e. iLr=iLs=im. At the same time, the current continues through the 

parasitic capacitance loop of the switch, where the charge on the parasitic capacitance C2 of the switch 

Q2 transfers to the parasitic capacitance C1 of the switch Q1, and the charge on the C4 transfers to C3. 
When the charge transfer on C2 and C4 is completed, the voltage at both ends of C2 and C4 is 

approximately 0, so zero voltage switching (ZVS) of the switch can be realized when the high level of 

the next PWM driving cycle comes. 
In a cycle, t5-t10 is similar to t0-t5, which is not specifically described here. 
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Figure 3. Working waveforms of various modes. 

3. Control strategy for stable operation of the system 

Generally, there are two control strategies, i. e. control of input current sharing and control of output 

voltage sharing, to make the output voltage balanced. Because this paper needs to design a stable high 

voltage output circuit, so we choose to control the output voltage equalization. The output voltage 
equalization control block diagram of the system is shown in Fig. 5 below. The sampling voltage of 
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the module is input to the voltage regulator together with the given value of the output voltage. The 

output voltage of one module compares with half of the output voltage of the input voltage equalizer. 

The output of the voltage equalizer and the output of the voltage electric regulator act as the given 
signal of the frequency regulator to adjust the frequency of the switch. 

When the system has reached a stable state, the voltage of module 1 is disturbed and lowered. That 

is Vo1<Vo/2 .The output signal of the closed-loop equalizing voltage is increased by Vcf_ea and 
decreased by V0_ea-Vcf_ea .Through the voltage controlled oscillator, the switching frequency of module 

1 decreases by Vo1 and increases by V0_ea+Vcf_ea .Through the voltage controlled oscillator, the 

switching frequency of module 2 increases, thus the switching frequency of module 2 increases. The 

output voltage of module 2 is reduced by Vo2. Similarly, when Vo1>Vo/2, the output voltage can be 
equalized. 
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Figure 4. Voltage equalization control block diagram. 

4. System simulation verification 

4.1. The simulation results of building a single module model in Matlab/Simulink 

Fig. 5 (a) is the output voltage waveform under fixed load. The output voltage is stable at about 980V. 
Fig. 5 (b) is the second side resonant current and excitation current.  

 

 

 
(a)Output voltage. 

 
(b)Secondary side resonant current and 

excitation current. 

Figure 5. Simulation waveform under fixed load. 

4.2. The simulation results of building multi-module model in Matlab/Simulink 

The output voltage sharing control strategy is adopted for the converter. The simulation results are 

shown in the following figure. Fig. 7 (a) shows that the total output voltage of the module is stable at 
2020 V. Fig. 7 (b) shows that the output capacitance voltage of the two modules is stable at 1010 V. 
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(a)Output voltage. 

 
(b)Secondary side resonant current and 

excitation current. 

Figure 6. Multi-module simulation waveform. 

5. Conclusion 

In this paper, a new LLC resonant converter - input parallel output series subside resonant LLC 

resonant converter is designed, its working principle is analyzed, voltage sharing strategy for stable 

operation is formulated, and a reasonable voltage equalization scheme is selected. The converter 
model is built and simulated in MATLAB/Simulink. The system can output stable voltage of 2KV, 

which verifies that the designed circuit can meet the design requirements. 
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