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Abstract

A dc-dc converter has been proposed in order to 
obtain ultra-efficient (nominal efficiency 99.5%), 
ultra-compact (50kW/dm3) dc-dc- converter where 
the input voltage is changed in a very wide range 
(between 300V and 1000V). Due to the very wide 
range of the input voltage, the proposed converter 
is implemented as a combination of a series 
resonant converter and an ordinary PWM 
converter. The resonant capacitor is one of the 
most important parts of the system due to high 
effective current that it has to conduct. This paper 
presents experimental results obtained during the 
selection of the most adequate capacitor 
technology for the resonant capacitor.

1. Introduction

Photovoltaic (PV), solar-to-electric, energy 
conversion systems are one of the most important 
and prevailing sources of renewable energy in 
distribution and generation systems. Typical PV 
conversion system consists of a PV generator and 
a dc-ac pulse width modulation (PWM) converter. 
Topology of the PV dc-dc converter may vary in 
very broad range, starting from simple non-
isolated two-level or multi-level boost converters, 
interleaved converters, buck-boost converters, 
variety of isolated dc-dc converters, etc. [1]-[3]. 
The dc-dc converter presented in this paper is a 
possible solution for the first stage of the two-stage 
concept and it is based on a combination of a boost 
converter and a series resonant converter [4]. This 
hybrid topology, shown in Fig. 1, processes the 
output energy through two paths (through the 
boost converter and through the resonant 
converter) in order to obtain a highly efficient, ultra-
compact dc-dc converter capable of producing a 
controlled dc bus. Similar concept, a combination 

of a switched capacitor and a boost converter can 
be found in [4, 5]. In [6] a resonant switched 
capacitor converter with high efficiency for kW 
applications is presented. The main idea is to use 
a non-controlled stage to provide certain voltage 
gain and to process the energy in a very efficient 
way, while the controlled converter process only a 
portion of the total output power.
Typical waveforms of the resonant current can be 
observed in Fig.2. The resonant converter is 
derived from a switching capacitor converter and 
the voltage of the flying capacitor is composed of 
a DC bias and an AC ripple in proportion with the 
converter output current. Due to this, it is important 
to clarify how the DC bias voltage influences the 
desired resonance having in mind that there are 
dielectrics that are extremely nonlinear. 
In order to correctly design the resonant capacitor 
the following capacitor technologies were 
analyzed and experimentally tested:

Film capacitors, due to their low ESR
Multilayer Ceramic Chip Capacitors with 
dielectrics X6S and X7T
CeraLink capacitors due to their ultra-high 
energy density

The reason to compare these three technologies is 
that each one of them has at least one clear 
advantage over the others. For example, film 
capacitors do not change its capacity with the DC 
bias, have low ESR and can dissipate power 
losses better than Multilayer Ceramic Chip 
Capacitors. The electrolytic capacitors have been 
excluded from this analysis due to their high series 
resistance.
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Fig. 1. Proposed Architecture of the dc-dc converter

Fig. 2. Typical waveforms of partially rated dc-dc 
converter
CeraLink technology offers very huge values of 
capacitance for the given volume, but suffer from 
high nonlinearities and high price. On the other 
hand, Multilayer Ceramic Capacitors look like the 
best trade-off between the price, quality and size.
Depending on the dielectric type, these capacitors 
can be highly nonlinear (X6s and X7T dielectrics) 
or highly linear (C0G).

2. Experimental setup
In order to experimentally verify which capacitor 
technology should be used for the resonant
capacitor a special circuit was built and with this 
circuit it is possible to set the value of the resonant 
current and the bias DC voltage independently. A
simplified schematic of the test setup can be seen 
in Fig.3. With this setup it is possible to properly 
select a DC bias of the resonant capacitor and the 
amplitude of the resonant current.

Fig. 3. Experimental setup for the resonant capacitor tests

The resonant capacitor could be stressed directly 
using a RF Power Amplifier, but that approach 
faces the following limitations:

High output current of the employed RF PA
High voltage amplitude 

In order to avoid the problem of the RF PA output 
current a resonant circuit between the tested 
capacitor and an additional inductance is built. In 
that way, the RF PA is just used to start impose the 
amplitude of the resonance and provides only the 
current needed to maintain the voltage/current 
oscillation, i.e. to compensate the power losses 
due to current conduction in the resonant circuit. In 
order to obtain the desired high voltage amplitude 
a high frequency transformer is used as an 
interface between the resonant circuit and the RF 
PA. In order to guarantee that transformer 
saturation will be avoided, a series capacitor 
should be placed between the primary winding and 
the RF PA output. The desired DC bias is obtained 
by placing a dc voltage source in series with the 
resonant inductor. This voltage source must be 
decoupled form the rest of the circuit with a big 
capacitor to guarantee low impedance path for the 
AC signal.
This setup can be used to measure the power 
losses in the capacitor, temperature that it will 
reach at certain operating conditions and to verify 
if certain capacitor technologies show signs of 
accelerated aging in the case of high resonant 
currents (a phenomena that was observed in the 
prototype).
The reference for the resonance amplitude was set 
by a signal generator.

PCIM Europe 2017, 16 – 18 May 2017, Nuremberg, Germany

ISBN 978-3-8007-4424-4 © VDE VERLAG GMBH · Berlin · Offenbach418



3. Experimental results

All the tests were conducted for the resonant 
frequencies between 10 kHz and 50 kHz, for 
different amplitudes of resonant current. The 
temperature data was taken once the permanent 
state was reached. All the tested banks of 
capacitors had a capacitance of 5uF at dc bias of 
350V.
Fig.4 shows the temperature evolution in the case 
of MLC Capacitors with X6S dielectric.
As it was expected, with higher currents the 
temperature of the capacitors is increasing. 
Nevertheless, increasing the frequency the 
temperature is decreasing due to the decrease of 
the equivalent AC resistance, Fig 5. 
Fig. 6. summarizes the results obtained with the 
X6S dielectric. Although this dielectric showed fine 
performance it was not selected for the final 
prototype due to the fact that the capacitors with 
this dielectric cannot withstand more than 450V 
and 500V was the application limit. Therefore, X7T 
was tested and the results can be seen in Fig. 7 
and Fig. 8. C0G dielectrics were not considered 

due to their low energy density and high price, 
although they exhibit great linearity and 
temperature characteristics. 

Fig.5. Equivalent electric circuit of the tested capacitor

Fig.6.Temperature change of the resonant capacitors in 
the case of X6S ceramic capacitors

Fig.4.Temperature change of the resonant capacitors in the case of CeraLink ceramic capacitors
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Fig.7.Temperature change of the resonant capacitors in 
the case of X7T ceramic capacitors
Similar experiments were conducted with CeraLink 
and Film MKP capacitors. The results can be seen 
in figures 9, 10, 11 and 12.
CeraLink capacitors behave very similar like 
MLCC as their resistance is frequency dependent 
and decreases with frequency. Nevertheless, their 
equivalent AC resistance is significantly higher as 
they reach 100°C at only 6A of resonant current 
which is 3-4 times lower current than in the case of 
MLCC. It is obvious that these capacitors are not 
suitable for resonant applications. They are meant 
to be employed as bulky capacitors in DC busses. 

Irms=18A fres=16.6 kHz

Irms=32A fres=16.6 kHz

Fig.8.Thermographic image of X7T capacitors for different 
values of resonant current

Fig.9. Thermographic images of CeraLink ceramic capacitors for different frequencies and amplitudes of resonant 
current
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Irms=20A fres=16kHz

Irms=30A fres=16kHz

Irms=40A fres=16kHz

Fig. 10. Thermographic images of film capacitors for 
different amplitudes of resonant current at 16kHz

Fig.11. Temperature change of the resonant capacitors 
in the case of the CeraLink technology

Fig.12. Temperature change of the resonant capacitors 
in the case of film technology

4. Conclusions
It has been experimentally verified that the film 
capacitors are the best option for the resonant 
converter because they have very low ESR, but, 
on the other hand their volume is higher than the 
volume of the ceramic capacitors. Multilayer Chip 
Capacitors exhibited accelerated aging (loss of 
capacitance) in the case when their temperature 
was elevated and eventually it would lead to their 
failure. In the final prototype, both technologies 
could be used, but Multilayer Chip Capacitance 
should be employed with sufficient current margin.
The CeraLink capacitors have very high 
capacitance for the given volume, but they are not 
desired for the resonant circuits due to extremely 
high ESR and non-linearity. These capacitors are 
good when they operate as voltage bus capacitors 
and it was decided to use them for the input and 
bulky capacitors. It was experimentally verified that 
the ceramic SMD capacitors can survive the worst 
case scenario only if the sufficient number of 
capacitors is placed in parallel. In the same 
operating conditions the CeraLink capacitors have 
high temperature increase and, therefore, they are 
not suitable for the resonant capacitor. In the case 
of X6S capacitors, power losses drop down with 
increased frequency due to the lower equivalent 
ESR of the capacitor at higher frequencies, and 
due to that, the temperature increment decrease 
as the resonant frequency increases.
Nevertheless, these capacitors cannot be used 
because they cannot withstand more than 450V.
Due to this limitation X7T was selected as the 
technology for the resonant capacitor. C0G was 
discarded due to the low energy density.
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Figure 13 shows a summary of the obtained results 
for all the analyzed capacitor technologies.

Fig.12. Temperature change of the resonant capacitors 
in the case of film technology
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