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Abstract –– The aim of this paper is do comparative study
between LLC and LCC DC-DC resonant converter for high
voltage applications, the two most promising topologies of
this converter class are presented and compared in this
paper. LCC and LLC resonant converters can achieve both
high efficiency and wide input voltage range capability
because of its voltage gain characteristics and small switching
loss. It is shown that the Different combination of series-
parallel resonant converter, which takes the desirable
characteristics of the pure series and the pure parallel
converter, removes the main disadvantages of those two
converters. The proposed circuit of the bridge LLC and LCC
resonant converter with 48V output voltage at 12A output
current is built to verify the design criteria for the resonant
tank.

Keywords – DC-DC Resonant converter, LLC resonant
converter, LCC resonant converter zero-voltage switching,
soft-switching.

INTRODUCTION

Resonant converter topologies are being widely used in
power processing systems because of their soft-switching
characteristics at high frequencies. The advantages of this
topology is high-frequency operation include smaller size
and lighter weight for the passive components.[2][3] There
are two methods were proposed and compare in this paper
LLC and LCC resonant converter to improve the
efficiency and reduced switching losses through Zero
voltage switching. Operation can be achieved even at
narrow frequency variation over wide load range. The
generalize circuit diagram of resonant converter is shown
in figure 1[17]. Which can be converted into different
topology of resonant converter. Figure 2 shown LCC type
topology of resonant converter in which additional
capacitor is placed in series with the resonant inductor.
Figure 3 shown LLC type topology of resonant converter
in which an additional inductor in connected in parallel
with the resonant capacitor in the series resonant
converter[1]. This type of converter is also known as
multiple energy storage element resonant power
converters. The high frequency causes low efficiency
because of high switching losses. Since the resonant
converter has ZVS or ZCS function for reducing switching
losses, the resonant converter has been widely used in
Power industry.

Fig.1. Generalized Resonant Converter

Fig.2. High voltage LCC converter

LCC and LLC Resonant Converter Analysis
LCC is series parallel converter combines the
advantageous properties of both the series and parallel
resonant converter. Its topologies are obtained by
cascading a half bridge or a full bridge series parallel
inverter. In this converter the load is connected in parallel
with one of the resonant capacitor. Main objectives of this
section is that to obtain analytical equation for LCC in the
continuous conduction mode, to determine operating
conditions for achieving high efficiency at part load.[11]
The input-output voltage transfer function M(v), is given
by equation no.1 for LCC resonant converter, the
relationship between the resonant frequency and the
undamped natural frequency of the tank is given by
equation no 2 , where A=Cp/Cs is the ratio of parallel and
series capacitances, and QLis the loaded quality factor at
the corner frequency. Efficiency of the system is given by
equation no 3.Mathematical expression for different
quantities of resonant circuit  are shown below which is
essential for  calculation of transfer function ,normalized
frequency, efficiency of LCC resonant converter[13]
Equivalent capacitor of  Cp and Cs connected in series:

C =
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The corner frequency : =

The loaded quality factor at the corner frequency fo

Capacitance  of  equivalent circuit of LCC resonant
converter :

Ceq =

= Vo/ Vi =

… (1)

fr / fo =

…(2)
The resonant frequency fr depends on QL and A.As QL 0,

fr / fo

= ηI ηR =

…(3)

LLC resonant circuit formed with one resonant capacitor,
and two resonant inductor. Equation no 4,5,6 gives ,input
output voltage transfer function, normalized frequency
and efficiency of LLC resonant converter. Again we
required some mathematical expression for find above

mention  equations. Ratio of the inductances is A =

Equivalent inductance of  Lp and Ls connected in series:

L = Lp+Ls = Lp(1+A)= Ls(1+ )

The corner frequency : =

The loaded quality factor at the corner frequency fo

Inductance  of  equivalent circuit of LLC resonant
converter :
Leq = Lp+ Ls

= Vo/ Vi =

(4)

fr/fo =

(5)

= ηI ηR =

(6)

DESIGN
MATLAB software is used for simulate the LCC and LLC
full bridge converter. In this simulation circuit inverter is
composed of full bridge with IGBT switches. The output
voltage of the inverter is rectified by rectifier. Because this
voltage is sensitive to the switching frequency f the DC
output voltage Vo can be controlled by varying the
switching frequency. Transformer is used to achieve an
isolation and/ or a desired voltage transfer function.

Fig.3. Simulation of LLC resonant converter

Fig.4. Simulation of LCC resonant converter

Fig.5. Gate Signal for IGBT 1, 3 & 2, 4

LLC resonant converter design and analysis:- = 0.5 so
that the theoretical value of VR is 400 V, assuming no
voltage drop across the diode and the IGBT.  Run the
simulation and observe the inductor current (IL), the IGBT
collector current (IC), the diode current (ID), the IGBT
device collector-emitter voltage (VCE), and the load
voltage (VR).  The load voltage (397 V) is slightly lower
than the theoretical value (400 V) mainly because of the
forward voltage (Vf) of the diode (0.8 V) and of the IGBT
(Vf = 1 V)..
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Fig.6. Output response of resonant tank

Fig.7. output response of LLC resonant circuit

Fig.8. output response of LCC resonant circuit

Fig.9. Resonant tank response of LCC circuit

Table 1 PARAMETERS OF LLC & LCC RESONANT
TANK.

Specifications and Parameters Values

DC (VDC ) 400V
Output Voltage(Vo) 40V

Lr-Cr Resonant Frequency (fr) 100kHz

Turns Ratio of Transformer (np:ns) 9:1

Parallel Inductor (Lm) 318μH
Equivalent Load Resistor(Req) 100Ω

Series Capacitor Cs 629nF
Parallel Capacitor Cp 629nF

Table 2 : Circuit parameter and their normalized values for
LCC and LCC resonant circuit

Circuit
parameters

Symbol Normalized
Variables

Output Voltage Vo Voltage gain=
Vo/ Vin

Output Current Io Jo = oZo/ Vin
Characteristic
Impedance Zo =

Resonant
Frequency ωo =

Switching
Frequency

fs = 1 / Ts F = fs/fr

Capacitance
Ratio

A = Cp/ Cs

Inductance Ratio A = Lp/ Ls

CONCLUSIONS

This paper presents the comparative analysis and study of
LLC And LCC resonant DC-DC converter. The parallel
resonant inductor is determined for load matching to
ensure optimal efficiency. Additionally, the inductance
ratio of the series and parallel resonant inductors is
specified in terms of the voltage gain and input power
factor for the LLC resonant tank.. The DC-bus voltages of
400V. Considering the turns ratio, quality factor and
frequency limitation, the proposed converter covers wide
input and load variation. In a first step, both converters are
analyzed and revealing the first differences and
similarities. Based on the obtained results, the LLC
converter is a suitable topology for high efficient power
adapters, providing a high and nearly constant efficiency
throughout the complete load and input voltage range.
Since the parallel inductance and the series inductance can
be integrated within one single transformer, only an
additional series capacitor for the resonant tank is
necessary, reducing the component count. Nevertheless,
the integration of two magnetic within the transformer
complicates its design dramatically, due to the difficult
prediction of the magnetizing and leakage inductance.
Moreover, even small variations of the inductance ratio
result in a rather large drop of the efficiency of this
converter. By contrast, the design of the resonant tank of
the LCC converter is much easier, since only the series
inductance has to be integrated as the leakage inductance.
While at the LLC converter a certain inductor ratio must
be set, a certain capacitor ratio is necessary at the LCC
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converter simplifying the design process. Since the
efficiency increases with falling input voltage, fields of
applications are single mains with a limited range of input
voltage. Hence, the resonant LCC tank is the preferred
solution for electronic ballast for compact fluorescent
lamps, where in addition the parallel capacitor provides a
current path for filament heating and a sufficient starting
voltage for ignition. Additional fields of applications for
the LCC converter are high voltage applications. Since
there is a transformer with a high turn’s ratio necessary,
the parasitic capacitances on the secondary side are
sufficient for acting as the parallel capacitor in the
resonant tank.
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