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Abstract- The demand for decreasing cost and volume and also for increasing efficiency leads to a constantly increasing 
power density of converter systems. Many Electronic applications could benefit from a power converter able to achieve high 
efficiency across wide input and output voltage ranges. However, it is difficult for many conventional power converter 
designs to provide wide operation range while maintaining high efficiency and constantly increasing power density. High 
efficiency series parallel resonant DC to DC converter is one which is applying on power electronics equipments such as, 
telecom power supply, Mammography, computed tomography, mobile equipments charger etc. For its high performance in 
telecom power supply we intended to design and implement a prototype of this proposed [6] converter. In this regard this 
paper contains the facts behind the choice of the resonant converter, prototype design and design of gate drive circuit etc. 
with result and complements.  
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I. INTRODUCTION 
 
The demand for DC (Battery) powered Electronics 
systems having smaller size and more capabilities 
have imposed challenging requirements for DC-DC 
power converters. DC/Battery powered systems must 
often accept the energy they draw from a wide input 
voltage range.  
 
This is due to both battery voltage variations with 
state of charge or charging and the possible need to 
accept varying battery types, configurations and 
sources. Moreover, in systems with communication 
circuits (e.g. RF power amplifiers) and displays, there 
is often a need for compact DC-DC converters that 
can supply power over a wide output voltage range. 
These requirements imply a need for DC-DC 
converter that can function across wide input and 
output voltage ranges at a high efficiency to allow for 
longer battery life. 
 
In the area of power electronic converter systems, 
there is a general trend to higher power densities that 
is driven by cost reduction, an increased 
functionality, and in some applications by the limited 
weight/space (e.g., automotive, aircraft). In order to 
reduce the volume of a system, first the most 
appropriate topology for the intended application 
must be chosen. Applying resonant dc–dc converters 
can help to reduce the switching losses and/or to raise 
the switching frequency of the power switches. 
The predicted poor performance of conventional 
hard-switched converters at high frequency, 
exacerbated in the case of low-power converters, 
suggests that resonant power conversion may be a 
viable candidate as the frequency moves beyond a 
few megahertz. [17] 

 
Fig. 1. (a) Schematic and (b) picture of the telecom power 

supply. 
 
In spite of the need for smaller and better DC-DC 
power converters, it is difficult for many existing 
conventional power converter designs to provide 
wide operation rage while maintaining high 
efficiency, small volume and minimal costs is to be 
achieved. On this account, the overall system size in 
many industrial applications, e.g., telecom power 
supplies [1], high-voltage generators [2], or inductive 
heating [3] could be reduced and the power density 
could be increased. Especially, the series–parallel 
resonant converter [shown in Fig. 1 (a)] is a 
promising converter structure since it combines the 
advantages of the series resonant converter and the 
parallel resonant converter. On the one hand, the 
resonant current decreases with the decrease of the 
load, and the converter can be regulated at no-load 
and on the other hand, good part-load efficiency can 
be achieved [4], [5]. Furthermore, the converter is 
naturally short circuit proof. [6] 
In this project/thesis we intend to develop or 
implement a prototype of the series-parallel resonant 
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converter, which was discussed in the IEEE 
Transactions on Power Electronics, Vol. 24, No. 7, 
July 2009, “Design of a 5-kW, 1-U, 10-kW/dm3 
Resonant DC–DC Converter for Telecom 
Applications”  by Juergen Biela, Uwe Badstuebner 
and Johann W. Kolar [7]; for its various advantages 
and the current demands in power electronics.  
 
II. BACKGROUND 
 
In this section, the characteristics of the main 
configurations of resonant converters will be shown, 
and advantages and weaknesses will be explained. 
This would guide to the choosing of the proper 
topology of resonant converter for telecom power 
supply. There are three main types of resonant 
networks (shown in Fig. 2): series resonant, parallel 
resonant and series-parallel resonant [8]. 
             (a)                     (b)            (c) 

 
Fig. 2. Resonant networks: (a) Series Resonant; (b) Parallel 

Resonant; (c) Series-Parallel Resonant.. 
 

Depending on how the resonant networks are 
combined with other circuit configurations, one can 
obtain several types of resonant converters. A 
comparative description of different DC-DC 
converter topologies discussed here. And the 
drawback of other topologies leads us to series-
parallel resonant converter.  
A. Series-Parallel Resonant Converter 
In the literature, this converter has also been often 
used with inductive output filter [8],[10]. However, in 
the current work the focus will be on the converter 
with capacitive output filter because this 
configuration is better suited for high-voltage 
applications.  
The real resonant frequency of the circuit changes 
with the load as shown in Fig. 3. This happens 
because the load defines the influence of Cp on the 
resonant frequency. For high load the resonant 
current flows for p only a small part of the switching 
period through Cp. Thus, the converter behaves as a 
series resonant converter and the resonant frequency 
is almost equal the series resonant frequency fo. On 
the other hand, for low load the resonant current 
flows almost the whole switching period through Cp. 
Therefore, the converter behaves as a parallel 
resonant converter. When operating above resonance, 
the converter behaves as a series resonant converter at 
lower frequencies (high load operation) and as a 
parallel resonant converter at higher frequencies (low 
load operation) [13]. At higher switching frequencies 
the series capacitance becomes so small that it 
behaves just as a DC blocking capacitance. The 
resonant inductor then resonates with the parallel 

capacitor and the converter operates in the parallel 
resonant mode [14]. By proper selection of the 
resonant elements, the series-parallel resonant 
converter has better control characteristics than the 
resonant converters with only two resonant elements 
[Bar94] being less sensitive to component tolerances. 
This configuration aims to take advantage of the 
desirable characteristics of the series and the parallel 
converter while reducing or eliminating their 
drawbacks. Unlike the series resonant converter, the 
series-parallel resonant converter is capable of both 
step-up and step-down operation [15]. 

 

 
Fig. 3. Voltage conversion ratio of a series-parallel resonant 
converter in dependency on the load and on the normalized 

switching frequency. 
 
The voltage conversion ratio curves also show that 
the output voltage can be regulated at no load. 
B. Concludes 
Considering above discussed facts (advantages & 
disadvantages) the series-parallel resonant DC-DC 
converter is more effective than others. On the other 
hand the choice of series-parallel DC-DC converter in 
telecom application is effective and it increase 
performance. That’s why we impressed on this kind 
of DC-DC converter and decided to implement and 
develop it. 
 
III. WORK DESCRIPTION 
 
In this project I intend to implement a prototype 
series-parallel resonant DC-DC converter proposed in 
IEEE Transactions on Power Electronics, Vol. 24, 
No. 7, July 2009, “Design of a 5-kW, 1-U, 10-
kW/dm3 Resonant DC–DC Converter for Telecom 
Applications”  by Juergen Biela, Uwe Badstuebner 
and Johann W. Kolar [6].  In this regard the complete 
work can be divided into two parts. The complete can 
be shown in block diagram.  

 

 
Fig. 4. Basic block diagram of the project. 

 
The block diagram is showing the complete project in 
two parts. The upper part (H-Bridge gate driver) is to 
be designed and implemented. The lower part or the 
main part (converter) is to be modified in parameter 
for its prototype and implemented. 
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C. Series-parallel resonant DC-DC converter  
The proposed series-parallel resonant DC-DC 
converter is for telecom applications, which convert 
400Vdc into non-regulated 56Vdc / 48Vdc supply. 
The block diagram is given below.  

 
Fig. 5. Block diagram of resonant DC-DC converter. 

 
D. H-Bridge  
A detail of H-Bridge is discussed in Chapter 8. Here, 
H-Bridge circuit is used to convert DC voltage to AC 
voltage. Where, the output AC would be non-pure but 
modified sine wave (or Quasi-sine). The modified 
sine wave would be like below.  

 
Fig. 6. Modified Sine Wave. 

 
To produce modified sine wave from H-Bridge there 
requires two copies of two phase-shifted, non-
overlapping 10Vdc pick pulses. These pulses switch 
four MOSFET consecutively. 
E. Resonant tank & Transformer  
The resonant tank consists capacitor Cs=160nF, 
inductor Is=40uH in series connected and a capacitor 
Cp=120nF in parallel with them. A detail on resonant 
tank & transformer is discussed in Chapter VII. In 
this project capacitor Cp was placed at the output end 
of the transformer. 
F. Rectifier & Filter  
The output rectifier is made by two 1N4007 diode, as 
the secondary side of the transformer is center-
tapped. A 47uF capacitor is used as the output filter. 
After all these procedure, I found 1.7Vdc at the 
output with 1K load. 
G. H-Bridge gate driver  
The gate driver circuit is shown in block diagram 
below.  

 
Fig. 7. Block diagram of H-Bridge gate driver. 

 
This gate driver is divided in three sections. 
Combining these three sections the driver generates 
four pulses for H-Bridge operation. 
H. Oscillator circuit  
This oscillator circuit was made using NE555 timer 
IC. It’s detail is discussed in Chapter IV. 
I. Non-overlapping pulse generating circuit  
From this circuit two phase-shifted, non-overlapping 
pulses are generated. Basically, two copies of two 
non-overlapping pulses are generated from this 
circuit.  

J. Ground isolating circuit  
This circuit isolates two non-overlapping pulses used 
in higher side of H-Bridge.  
K. Rest of the pulses  
Two non-overlapping pulses are isolated and 
remaining two pulses are just amplified by 
Operational Amplifier. Here, IC LM358 (Dual 
OpAmp) is used where, +15Vdc used as biasing 
voltage and connected like below.  

 
Fig. 8. Circuit diagram of Non-inverting amplifier 

configuration. 
 

In the circuit above, I used R1=R2=1K and find 10V 
pick output. The output wave form is given below.  

 
Fig. 9. Oscilloscope output of the rest amplified pulses. 

 
L. Complete project  
The complete project in PCB is shown below.  

 
Fig. 10. Picture of complete project in PCB. 

 
M. Conclude  
This complete project costs around 1500 Tk. This 
converter can be manufactured in our country and it 
can be used in a mass amount of equipments. 
 
IV. OSCILLATOR CIRCUIT 
 
Oscillators are used in many electronic circuits and 
systems providing the central "clock" signal that 
controls the sequential operation of the entire system. 
Oscillators can produce a wide range of different 
wave shapes and frequencies that can be complicated 
or simple depending upon the application. Oscillators 
are also used in many pieces of test equipment 
producing either sinusoidal sine waves, square, saw 
tooth or triangular shaped waveforms or just pulses of 
a variable or constant width.                                                                                        
N. Astable 555 Oscillator  
We can connect the 555 timer IC in its Astable mode 
to produce a very stable 555 Oscillator circuit for 
generating highly accurate free running waveforms, 
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whose output frequency can be adjusted by means of 
an externally connected RC tank circuit consisting of 
just two resistors and a capacitor. 
The 555 Oscillator is a type of relaxation oscillator 
for generating stabilized square wave output 
waveforms of either a fixed frequency of up to 
500kHz or of varying duty cycles from 50 to 100%. 
In order to get the 555 Oscillator to operate as an 
Astable Multivibrator, it is necessary to continuously 
re-trigger the 555 IC after each and every timing 
cycle. This is basically achieved by connecting the 
Trigger input (pin 2) and the Threshold input (pin 6) 
together, thereby allowing the device to act as an 
astable oscillator. Then the 555 Oscillator has no 
stable states as it continuously switches from one 
state to the other. Also the single timing resistor of 
the previous Monostable multivibrator circuit has 
been split into two separate resistors, R1 and R2 with 
their junction connected to the Discharge input (pin 
7) as shown below.  
 

 

 
Fig. 11. Schematic of 555 Astable Multivibrator circuit & it’s 

output wave form. 
 

In the 555 Oscillator above, pin 2 and pin 6 are 
connected together allowing the circuit to re-trigger 
itself on each and every cycle allowing it to operate 
as a free running oscillator. During each cycle 
capacitor, C charges up through both timing resistors, 
R1 and R2 but discharges itself only through resistor, 
R2 as the other side of R2 is connected to the 
Discharge terminal, pin 7. Then the capacitor charges 
up to 2/3Vcc (the upper comparator limit) which is 
determined by the 0.693(R1+R2)C combination and 
discharges itself down to 1/3Vcc (the lower 
comparator limit) determined by the 0.693(R2.C) 
combination. This results in an output waveform 
whose voltage level is approximately equal to Vcc - 
1.5V and whose output "ON" and "OFF" time periods 
are determined by the capacitor and resistors 
combinations. The individual times required 
completing one charge and discharge cycle of the 
output is therefore given as: [19] 

O. Choosing R1, R2 and C1 
R1 and R2 should be in the range 1k  to 1M . It is 
best to choose C1 first because capacitors are 
available in just a few values. 
 

TABLE I.  555 ASTABLE FREQUENCY ADJUST TABLE 

 
 Choose C1 to suit the frequency range you require 
(use the table as a guide). 
 Choose R2 to give the frequency (f) you require. 
Assume that R1 is much smaller than R2 (so that Tm 
and Ts are almost equal), then you can use:  

R2 =  
  0.7   
f × C1 

 Choose R1 to be about a tenth of R2 (1k  min.) 
unless you want the mark time Tm to be significantly 
longer than the space time Ts. 
 If you wish to use a variable resistor it is best to 
make it R2. 
 If R1 is variable it must have a fixed resistor of at 
least 1k  in series  
(this is not required for R2 if it is variable). [18] 
P. Practical parameters & outputs  
In this project I used both capacitor of  same value, 
C1=C2= 0.01µF, resistor, R1= 1k . The resistor R2 
was variable resistor of value 1M  (Pot), so that it 
can used to adjust the output frequency in long range. 
The output wave form from oscillator is shown 
below. 

 
Fig. 12. Oscillator output waveform in oscilloscope. 

 
Q. Conclude  
Following the above table we can easily adjust 
Astable 555 oscillator for different frequency range. 
Although adjusting or varying R2 we can tune the 
oscillator circuit to get our required frequency wave 
output. Thus our high frequency adjustable square 
wave generator circuit is completed. 
 
V. RESONANT TANK & TRANSFORMER 
 
In this project the modified ac wave (12Vac) passed 
to the transformer through a series-parallel resonant 
tank circuit. First the AC wave passed through a 
series LC circuit to the transformer and after the 
transformer it passes through a parallel capacitor. 
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R. Series LC circuit  
Resonance: Here L and C are in series in an ac 
circuit. Inductive reactance magnitude ( ) increases 
as frequency increases while capacitive 
reactance magnitude ( ) decreases with the 
increase in frequency. At a particular frequency these 
two reactances are equal in magnitude but opposite in 
sign. The frequency at which this happens is the 
resonant frequency ( ) for the given circuit. 
Hence, at  : 

 

 
Converting angular frequency into hertz we get 

  
Here f is the resonant frequency. Then rearranging, 

  
In a series AC circuit, XC leads by 90 degrees 
while XL lags by 90. Therefore, they cancel each 
other out. The only opposition to a current is coil 
resistance. Hence in series resonance the current is 
maximum at resonant frequency. 
 At , current is maximum. Circuit impedance is 
minimum. In this state a circuit is called an acceptor 
circuit. 
 Below , . Hence circuit is 
capacitive. 
Above , . Hence circuit is inductive. 
Impedance: First consider the impedance of the series 
LC circuit. The total impedance is given by the sum 
of the inductive and capacitive impedances: 
Z = ZL + ZC 
By writing the inductive impedance as ZL = jωL and 
capacitive impedance as  

  and substituting we have, 

 
Writing this expression under a common denominator 
gives 

 
Note that the numerator implies if ω2LC = 1 the total 
impedance Z will be zero and otherwise non-zero. 
Therefore the series connected circuit, when 
connected to a circuit in series, will act as a band-pass 
filter having zero impedance at the resonant 
frequency of the LC circuits. [16] 
S. Resonant tank & its output  
As it is discussed above that the series resonant tank 
before the transformer is acting as a band-pass filter.  
After passing through the series-parallel LC circuit, 
the modified sine wave becomes like shown below. 

 
Fig. 13. Filtered signal output. 

So after passing through resonant tank the modified 
sine wave become nearly pure sine wave. For that 
harmonic loss minimizes. 
T. Transformer design  
The transformer used in this project is Ferrite core 
transformer, which is operational at high frequency 
signal transformation. The operational frequency was 
set to 5 KHz. As this is a prototype, so it holds all 
configurations but little bit change was made. 
This transformer keeps transformer ratio = 7. That 
means there always follows; primary: secondary = 
14:2 / 28:4 etc. This transformer is coiled as 28 : 4 : 4 
(N1:N2:N2)and the secondary is center tapped. 
U. Problem & Solution  
After transformer coiling a big problem being faced; 
the transformers primary & secondary winding has 
very low resistivity, which could damage other 
components as other components were low current 
capable. As required high voltage especially high 
current capable components were not available in 
Bangladeshi electronics markets. 
So to solve this problem, 1k  resistor was connected 
in series to the primary side and two 500  resistor to 
the secondary side. 
V. Conclude  
After generating nearly pure sine wave, it is passed to 
the transformer to step down to 1.75Vac (12Vac to 
1.75Vac). For high operational frequency and 
resonant tank filtration the transformer losses 
reduced. But transformer used to heat up cause it is 
running at high frequency, so proper heat sink is 
required to cool the transformer. 
 
CONCLUSION  
 
In this paper, design and implementation of a 
prototype series-parallel resonant DC-DC converter is 
presented. This prototype was to convert 12Vdc to 
1.75Vdc, whose efficiency is near to 96%. To 
implement this prototype converter a gate drive 
circuit was to design for its operation. 
The designed gate drive circuit was pretty small in 
size and simple in operation. Implementation of 
prototype is a difficult job, because all required 
components are not available here in Bangladesh. So 
this converter was implemented using compatible 
components and all the time every step being 
experimented to make it OK. 
In Bangladesh the telecom companies are still using 
Linear power supply to power their BTS (Base 
Transmission Station), whose are bulky, heavy in 
weight, take larger space to place and very low in 
efficiency (max. 81%). On the other hand this series-
parallel resonant DC-DC converter is pretty light in 
weight, takes small space and very high efficiency 
device. Although this device is pretty complex but 
costs low compare to linear power supply. 
So the time has come to our telecom companies to 
choose better option and the choice of high 
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efficiency, low cost resonant DC-DC converter would 
be the best choice for them. 
I encourage more technical people to work in this 
sector (high efficiency power converter) of power 
electronics, to enrich their knowledge. 
And I’m thankful to Juergen Biela, Uwe Badstuebner 
and Johann W. Kolar because I enjoyed 
implementing their proposed work. 
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