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Abstract 

The main objective of this project is to obtain high efficiency in switched capacitor based Resonant Converter (SCRC). To obtain 
high efficiency, Zero Voltage Switching (ZVS) operation is used. The dc-dc converter (buck) will step down the input dc voltage 
to the given reference voltage. The Fuzzy controller will control the outputs which are voltage and current and those will be 
displayed in graph. The switching frequency of the dc-dc converter (buck) is set to 20 kHz for faster switching operation. 
Conventional dc-dc converters applied to battery chargers, dc power supplies, voltage regulator, fuel cells etc. include magnetic 
components such as inductors and transformers which occupy a large volume and also it produce non-negligible losses. By using 
SCRC, the inductor volume is reduced. Conventional dc-dc converters use PID controller. In this Project Conventional method 
has done and also fuzzy logic controller will be used. The expected output voltage for this proposed method will be 20% to 80%. 
This system is implemented in MATLAB Simulink software. This project is also providing some analysis and comparative 
assessment. 

 Key words: Inductor volume, phase-shift control, switched capacitor converters (SCC), voltage regulation, zero-
voltage switching (ZVS). 
 
 

1. Introduction 
 

Various types of dc–dc converters are widely applied to dc power supplies, battery chargers, voltage 
regulators for photovoltaic and fuel cells, etc. Most of the dc–dc converters include magnetic components, such as 
inductors and/or transformers for stepping up/down or smoothing the current/voltage. The magnetic components, 
however, occupy a large volume and weight in the converter, and also produce non negligible  losses. Switched-
capacitor converters (SCC)  have been used as a simple and low-cost dc–dc converter in small power applications. 
The advantage of the SCC is its small volume because it needs no inductor or transformer. Recently, resonant power 
converters consisting of an SCC and a small-rated resonant inductor have been proposed to reduce the switching loss 
and electromagnetic interference (EMI). 
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                  The simulation study indicates the superiority of  fuzzy control over the conventional control methods. 
This approach is expected to provide better voltage regulation for dynamic load conditions. A prototype 300 W, 100 
kHz converter is designed and built to experimentally demonstrate, dynamic and steady state performance for the 
LLC-T series parallel resonant converter. The output of converter is free from the ripples, and has constant current, 
regulated output voltage is described in [1]. 
 
                 A switched Capacitor based step-up resonant converter is used for the voltage conversion of the 
converters and the resonant inverting step-down converter is used wherein negative voltage is required. All the 
power devices including switches and diodes in the circuit are operated using zero-current switching technique to 
rectify uncontrollable current spike which usually exists for classical switched-capacitor convertors, electromagnetic 
interference and switching losses is described in [2].  
 
 Being free of complex equations and heavy computation, it achieves fast dynamic response and adapts to 
varying conditions of operation. It is verified by transient characteristics that due to quasi-resonance there is a 
drastic change in peak overshoot and settling time and the strategy has good rejection ability for supply and load 
disturbances is in [3]. Based on the observed topological constraint Of  switched capacitor  converter circuits, the 
simplest lossless topology for AC/DC conversion is reduced. AC/DC converter contains no inductors and suitable 
for low power applications is described in [4]. 
 
                Lightweight, small size and high power density are the result of using only switches and capacitors in the 
power stage of these converters. Thus, they serve as ideal power supplies for mobile electronic systems is described 
in [5]. The output voltage can be changed almost continuously without any magnetic components. With this 
magnetic-less system, very high temperature operation is possible. Power loss and efficiency analysis is provided in 
the paper. Comparison results show that the system does not require more semiconductors capacitance than the 
traditional boost converter is in [6]. A proper switching frequency instead of using detection of instantaneous current 
to achieve Zero-Voltage Switching (ZVS). Since instantaneous current is not required, control loop instability and 
noise susceptibility issues can be avoided. The proposed approach allows ease of combining ZVS, multiphase 
interleaving, and coupled inductor techniques to achieve high efficiency over a wide load range is described in [7]. 
 
               The circuit operates under zero current switching and, therefore, the switching loss is zero. It also offers a 
wide choice of voltage conversions including fractional as  well as multiple and inverted voltage conversion ratios is 
described in [8]. An integrated step-up/step-down dc–dc converter for battery-powered bioelectronics. The proposed 
converter has a wide input range and achieves excellent load regulation is described in [9]. An energy storage device 
such as an electric double layer capacitor is directly connected to one of the dc buses of the dc/dc converter without 
any chopper circuit. Nevertheless, the dc/dc converter can continue operating when the voltage across the energy 
storage device droops along with its discharge. The dc/dc converter can charge the capacitor bank from zero to the 
rated voltage without any external precharging circuit is in [10]. 
 
 
 
 
 2. Problem definition 

To reduce loss due to magnetic components like inductor, transformer etc. present in conventional dc-dc 
converter and therefore they occupy a large volume and also it produce non-negligible losses. SCRC consists of an 
inductor which is of very small size along with capacitor. Switched Capacitor Converter (SCC) is same as SCRC. 
But it has no inductor. It is main disadvantage. Because it is having switching loss and Electro Magnetic 
Interference (EMI). So to reduce that in this proposed method, it has inductor along with capacitor.  

Inductor leads to soft switching operation with low switching loss. Main advantage of SCRC is the size of Inductor 
is small. 
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3. Switched Capacitor Resonant Converter 
 

This circuit acts as a step-down converter and feeds the output voltage vout to a load. The SCRC consists of 
two half-bridge inverters with four switching devices S1–S4 and a series resonant circuit Lr and Cr . Addition of the 
small inductor Lr is the difference from a conventional SCC in the circuit configuration, resulting in a great 
suppression of spike currents, power losses, and EMI issues. The configuration consists of four snubber capacitors 
Cs . 

 

 
 

Fig. 1. Switched-capacitor-based resonant converter 
 

 
Four switching modes exist because the SCRC consists of two half bridge inverter. The output voltage is 

assumed to be Vout = Vin/2. The switching frequency Fsw should be set at a higher frequency than the resonant 
frequency of the series resonant circuit fr= ωr/2∏=1/2∏√( Lr Cr).In this condition, the resonant circuit acts as an 
inductive impedance , and the amplitude of ir  is controllable by the phase difference between the two half-bridge 
inverters. 

 
The reference signal is a square wave with a period Tsw = 1/ Fsw and 50% duty cycle. The gate signals of 

S1and S2 lead from the reference signal by Ts/2, while S3 and S4 lag by Ts/2. Therefore, mode 2 or 4 appears for a 
short duration of Ts between mode1 and 3.Since the resonant capacitor voltage Vcr is Vin/2 on average, + or - Vin/2 
is applied across the resonant inductor Lr during mode2 and 4. As a result, the resonant current ir    has a trapezoidal 
waveform. Since the output current iout is the rectified current of ir, the average value of is proportional to the 
amplitude of ir.  

When S1 and S2 lags from S3 and S4 (Ts<0), the SCRC regenerates an amount of power from the load to Vin . 
The conventional control methods cannot regenerate any power when Vout< Vin/2, and the direction of the power 
flow depends only on the relation between the input and output voltages. The phase shift control enables the SCRC 
to control iout bidirectional by adjusting the phase-shift time Ts regardless of Vout. 

 

4. Fuzzy Controller            
   

Voltage output of DC to DC converter is compared with reference and the compared output and its 
derivated is given as input to fuzzifier and fuzzified output is given to Inference engine and output is given to 
defuzzifier to get defuzzified output and it is given as input to DC to DC controller. 
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Fig.2. Block diagram of Fuzzy controller 

Converted output ‘vout’ is compared with reference voltage ‘v*out’ and the difference is given as input to 
Fuzzy controller and the output from Fuzzy controller is given as input to control gain and then output of control 
gain is current output (Iout) and load current (I load) will minimize Iout and the current output is converted to voltage 
by relation V=∫I/Cdt  and the Voltage is given as input to the comparator connected with reference voltage. One of 
the most famous methods of defuzzification is center of area method, which can be  represented by, 
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M =  Number of quantized levels of variable. 

X i =  Value of a variable at the quantized levels i. 

Fk(xi) =  Membership degree of fuzzy term k at the value x. 

Xd = Fuzzified value. 

 

 

5. Result 

The proposed methods were evaluated using a 2.8-Kw experimental circuit. Power MOSFETs were used as 
the switching devices and they were operated at 20 kHz. The resonant frequency of the resonant circuit has to be less 
than 20 kHz because it should operate as inductive impedance in the phase-shift control. 
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Fig3: For voltage reference value 200v with fuzzy controller without phase shift 

 

 

 

 

Fig4: For voltage reference value 200v with fuzzy controller 

 

6. Conclusion 
 

This paper discussed the output voltage regulation characteristics, the inductor volume, and the efficiency 
of the SCRC using with and without phase-shift control method. A control method and soft switching operation of 
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the SCRC was explained. The analysis of the stored energy in the inductor revealed that the inductor volume of the 
SCRC is smaller than the buck converter when the converter is operated in a range of 19%–81% in voltage 
conversion ratio. The analysis also showed that the SCRC has a significant advantage in inductor volume in case the 
voltage conversion ratio is around 0.5. Experimental setup rated at 2.8 KW confirmed the steady-state and transient-
state operation. The conversion efficiency of the experimental setup reached more than 99%. The experimental 
results showed that the SCRC has a significant advantage in efficiency in case the voltage conversion ratio is around 
0.5. 

 
The Project can be done in future by Neural Network to obtain high efficiency of the SCRC with phase 

shift and without phase shift. This project can also be implemented in hardware in future. 
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