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Abstract
The paper describes design and optimalization the main circuit of LLC
resonant convertert with respect to transfer function with output 1kW/48V,
switching frequency 500 kHz and a way to optimize given on the size
the transformer, conductivity losses, size of resonant capacitor current and
scope of regulatory to ensure stable operation with using ZVS (zero voltage
switching). In this design, it is necessary to consider various assumptions,
limitations and compromises for the specific properties of LLC converter
given by requirements.
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Introduction to issue the LLC resonant converter

Higher energy density in the switching power supply is conditional on the size
of passive components. Operation at higher frequencies significantly reduces the size
of passive components, but at the expense of increased switching losses. To reduce switching
losses, while the operation with high switching frequency have been developed resonant
switching technique. LLC resonant converters are widely used for high performance
applications, since at higher input voltage making it more effective. They are capable
of switching ZVS for the main switching elements, which can operate with higher switching
frequency and thereby increase the power density. Another advantage of LLC resonant ZCS
converters is switching over diode, which is improved efficiency. Wiring LLC resonant
circuit in half bridge involved:

Fig. 1. Schematic involvement LLC resonance converter
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Important parameters

Motion parameters consist of a thorough analysis of the DC characteristics of the
converter. Operating principle of LLC resonance converter voltage gain characteristics and
require a lot of knowledge. Analysis of the characteristics of voltage gain is based on the wellknown method of FES (Fundamental Element Simplification) [4]. In the design of resonance
LLC converter is necessary to consider three essential elements:
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These parameters have ultimate influence on the operation of LLC resonant converter.
By selecting proper value of each parameter, we can find compromise between amount of
switching and conduction losses, or it is possible to determine volume of transformer and
volume of passive non – linear components (capacitors, inductances). For projection of the
frequency dependency on the ratio of the output to input voltage utilization of the equation of
voltage gain of LLC converter is very useful. The basic formula is defined as follows:
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where Vo and Vi are output and input voltages and f is switching frequency of converter.
But for the required DC gain characteristics, the equation (4) is not suitable; therefore it
has to be rewritten. Design of mentioned characteristics is able to be done by utilization of
equation (5).
2

ω 

 .
ω 0 

M =
ω2


 2 − 1  + j . ω
ω
ω

 0
 p


3

m .(m − 1)

(5)

ω

. 2 − 1 .(m − 1).Q
  ω0

2

Determine the parameters

The efficiency of LLC resonant converter is chosen for low voltage applications ranging
from 0.88 to 0.92 and for high voltage applications ranging from 0.92 to 0.98. The frequency
is seen to be achieved by changing the frequency of different values of voltage gain, which is
a big advantage in managing the converter. Input voltage range depends on the parameters of
the source from which the inverter power. The value of the minimum input voltage Vinmin is
325V and the maximum Vinmax input voltage is 425V.
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Minimum and Maximum voltage gain (Mmin, Mmax)

At nominal input voltage with a switching frequency employed in the vicinity of the
value of the resonance frequency f0. In case our 500 kHz. The size of the voltage gain at the
resonance frequency f0 is determined in proportion to the value m, which is defined as the
ratio of magnetization inductance Lm and resonance inductance Lr (m = Lm / Lr). The higher
peak gain can be achieved by a lower value of m, but will lead to a reduction in force if the
deterioration of the converter transformer connection. Because the higher the value of m,
conductivity losses, the regulatory scope and content of the transformer core will be higher
contrast value of the current resonant capacitor and the lower resonant frequency is reduced,

as shown below. It is therefore necessary to seek mutual compromise in choosing the value of
m. In the figure 1 is frequency characteristic LLC resonant converter for value m = 4 and full
load.

Figure 1: Frequency response for full load resonant LLC converter with input voltage 425V,
output voltage 48V, output current 21A and resonant frequency 500 kHz
Figure 2: Illustrates the maximum and minimum gains depending on the value of m.
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Figure 2: Dependence of voltage gain on the value of m-factor
Figure 3 shows frequency characteristics which are plotted for different values of m (2,25 – 9)
at 25% load (Q = 25%) and full load (Q = 100%). In most cases the value of m is being
chosen in the range 3 – 7. This results in value of voltage gain between 1,1 – 1,2. From fig. 3
it can be seen that by increasing the value of m the lower value of peak gain while lower value
of parallel resonant frequency come into being. Also it is visible that at the series resonant
frequency (fo) the voltage gain is independent and is unity for any value of m.

Figure 3: Frequency characteristics at 25% load (left) and at full load (right)
For the selected value of m we have prepared individual dependency between voltage gain
and frequency at various loads, what is shown on figure 4. From figure, it is clear to say that

during variations in output load the frequency modulation is necessary to keep output voltage
on constant value. For selected value of m = 4, the regulation range is equal to 250 kHz,
whereby parallel resonant frequency fp is equal to 250 kHz, and series resonant frequency is
equal to 500kHz. These parameters are influencing the construction of transformer, at which
lower value of frequency has to be starting point of transformer design, because during
various operating conditions transformer has to withstand also operation at low switching
frequency.

Figure 4: DC – gain characteristics of considered LLC resonant converter for m = 4 (left)
and m = 9 (right) for various loads
The figure 5 considering various assumptions, limitations and compromises so that the
proposed LLC converter has unique specific properties used in the field. When considering
the need to find a compromise between the size of the transformer and the regulatory scope.
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Figure 5: Dependency of parallel resonant frequency (fp), ratio f0/fp and IRMS on m value
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Results

This paper has demonstrate the way of optimal design of LLC resonant converter and its
frequency response suited for high frequency operation with high output power. As
previously mentioned the strategic parameter “m” has to be optimally set to meet both low
conduction and switching losses of semiconductor devices. Only in this way, the efficiency
target could be met. The result of proper design LLC resonant converter and the frequency
characteristics will of the converter with unique properties for a given application field.
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