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ABSTRACT 

 
  In battery operated vehicles, the battery voltage has to be stepped up to very high value to drive the 
motor. Hence it is planned to build up a mainly efficient high step up Switched Inductor Capacitor (SIC) dc-dc 
converter for such applications. In SIC  converters, an  LC-circuit with high quality factor (Q-factor)  is employed  
to increase the dc input voltage to required high voltage level. For this,  MOSFET power switch is employed  to 
make and  break a high current pulse through the inductance. When current is made to flow through inductance, 
energy is stored in inductance and when this current is cut the stored energy in inductance is transferred to 
capacitance, which results In a high voltage across capacitor. Closed loop PID control is also provided to achieve 
the desired  output  voltage. 
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I. INTRODUCTION   
  The basic switched-mode dc–dc converters 
counting buck ,boost, buck–boost, cuk, zeta, and 
sepic have been used in various electronic 
application due to their many compensation such as 
simple structure, excellent performance, high 
efficiency, easy design, and simple control circuit. 
The resonant converters such as single-ended and 
bridge type are also very popular in the last decade. 
And the basic switched-capacitor (SC) converters 
also have wide application as their advantages of 
nonmagnetic components employed and small size 
and high power density.            
 
 

 
 

Figure.1 Conventional SC/switched-inductor 
converter. 

 

II.NEW FAMILY OF SCI CONVERTERS 
 

 
 

Figure..2  (a) Dual-input step-up converter (b) 
Single-input step-up converter. (c) Dual-input 

step-down converter. (d) Single-input step-down 
converter. (e) Inverting step-up converter. 
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 A family of SCI converters is shown in Fig. 
2. Each of the circuits uses only one active switch Q 
and a very small resonant inductor Lr which is 
working to limit the current peak caused  by 
capacitor C1 when the switch Q is turned ON. The 
two energy storage components C1 and L1 are 
alternately connected in parallel and series 
according to different switching states. shows the 
dual-input step-up converter member. The two 
energy storage components C1 and L1 are charged 
in parallel by input sources V1 and V2 , 
correspondingly, when switch Q is turned ON, and 
discharging in series to output terminal when Q is 
turned OFF. When the values of the inductor L1 and 
the capacitor C1 both are large practically and the 
switching regularity is high enough, the voltage 
across the capacitor C1 can be regarded as constant 
and is equal to the input voltage level V1 , and the 
current flowing though L1 can be also regarded as 
constant. Based on volt–second equilibrium across 
L1 , the voltage level association of the output and 
inputs. can be expressed as VO = V1 +1(1 – d)V2 (1) 
where d is the duty ratio of the converter, V1 and V2 
are input voltages, and VO is the output voltage. . 
2(b) shows the single-input step-up converter 
member. It is actually the special version of the 
dual-input step-up converter when its two input 
terminals both are connected  to the same power 
source Vin , i.e., V1 = V2 = Vin . Its voltage transfer 
relationship therefore can be derived from (1) and 
expressed as VO =2 – d (1 – d)Vin . (2) Fig. 2(c) 
shows the dual-input step-down converter member. 
Its two energy storage components C1 and L1 are 
charged in series by the difference levels of the two 
input sources V1 and V2 when the switch Q is turned 
OFF, and discharge in parallel to output terminal 
when Q is turned ON. The situation for the normal 
operation of this converter is that the level of V1 is 
higher than V2 . Based on the same assumption ]’p/ 
that L1 and C1 both are large reasonably and the 
switching frequency is high enough, the voltage 
across the capacitor C1 can be regarded as constant 
and is the same as the output voltage level VO . And 
the voltage level relationship of the output and 
inputs can be also derived by using volt–second 
balance across L1 and then expressed as VO = V1 − 
(1 − d)V2 . (3)The single-input step-down converter 
member shown in is the special version of the dual-
input step-down converter [see Fig. 2(c)] when its 
lower level input terminal V2 is connected together 
with the output terminal VO as the new output, i.e., 
V2 = VO . Its voltage transfer relationship therefore 
can be derived from (3) and expressed as VO =1(2 – 
d)Vin . (4)In addition to aforementioned members, 
the new family also includes an inverting step-up 

converter  member as shown in Fig. 2(e). When 
switch Q is turned ON, L1 and C1 are charged in 
parallel and discharges in series when switch is 
turned OFF. Therefore, the voltage across C1 is the 
same as input voltage Vin. The voltage transfer 
relationship also can be derived using the same 
method abovementioned and expressed as VO = − 
1(1 – d)Vin . (5) However, there is no member in 
Fig. 2 that can provide high step-down and inverting 
step-down output levels. 
 

 
Figure.3Block diagram of converter circuit 

 
II. Modes of operation  

The operation of the proposed converter is as 
follows: 

      I State1: Switch S and Diode D1 ON, Diode    
D2 OFF (t0-t1) 
      II State2: Switch S   ON Diodes D1 and D2 OFF 
(t1-t2) 
      IIIState3: Switch S and Diode D1 OFF, Diode 
D2 ON (t2-t3) 
 
STATE1 

 
 

State I : Working 
 When the switch is turned ON, diode D2 is 
reverse biased and D1 is forward biased. The 
resonant inductor Lr is connected in series with C1 
to form a resonant tank. The input voltage V1 is 
developed across the resonant tank that causes the 
resonant current Ic1 gradually increases from zero in 
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a sinusoidal manner; C1 begins to be charged and its 
voltage increases from its minimum value. 

  
STATE 2 Working 
 

 

 
 

 After the resonance stops, both the diodes 
are overturn biased and the switch continues to 
conduct. The  inductor current Il1 continues to rise 
linearly through the switch. Since there is no current 
flowing through C1, its voltage is maintained at the 
maximum value.  

 
STATE 3 Working 

 

 
 When switch is turned OFF, diode D2 is 
forward biased and D1 is reversely biased.  The 
capacitor C1 , the inductor L1 , and input source V2 
are connected in series and discharge  the maximum 
voltage to output Vo . 
 
III. DETAILED ANALYSIS AND  

DESIGN CONSIDERATIONS 
 There are two inductors employed in each 
converter member of the new family, the energy 
transfer inductor L1 and the resonant inductor Lr . 
The function of L1 is to transfer energy while Lr is 
just used to limit the current peak caused by the 
capacitor C1 when the switch Q is turned ON. 
Specifically, when switch Q is turned ON, the 
capacitor C1 begins to be charged or to discharge, 
the charging or discharging current will soar to a 
very high peak at the moment of Q being ON if 
there are not any measures to limit it. For this 

reason, a small inductor Lr is added and connected 
in series with C1 to form a resonant tank with the 
resonant frequency fO = 

 
 1/2π√LrC1 during the switching ON period. With 
the resonant inductor, the charging or discharging 
current of C1 gradually increases from zero when 
switch Q is turned ON. In order to ensure that the 
current changes back to zero before switch Q is 
turned OFF, the switch conduction time should be 
longer than half of a period of the resonant 
frequency,  i.e.,dTS1π√(where TS and d are the 
switching cycle period and duty ratio, respectively).   

 
A. State Analysis for the Dual-Input Step-Up 

Converter 
 For all members of the new family of SCI 
converters, there are three working states for each of 
them in one period of switching cycle. Taking the 
dual-input step-up converter member  
 

 
 
 

 
 Diagram of proposed  converter 
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VI. SIMULATION RESULTS 
 

                                                                                                               
 

 
 
 
Source voltage v1 and v2 
 

 
 
 
Source Currents I1 and I2 

 
Fig.12.Control signal waveforms 

 

 
 
 
 

                 
Output Voltage Vo and Current Io 

Fig.13.Output voltage and current waveforms 
 
IV. CONCLUSIONS 
 A family of single-stage SCI converters 
with different voltage gains has been proposed in 
this paper. The proposed converters employ two 
energy transfer components (one SC and one 
inductor) and do not use the cascade method like 
conventional SC/switched-inductor converters. The 
energy stored in the two components both directly 
come from input power sources and then directly 
been released to output terminal. This design can 
meet the high efficiency requirement with a simple 
structure. A resonance method is used in this paper 
to limit the current peak caused by the SC. Detailed 
analysis and design considerations are also 
introduced. Compared with traditional switched-
mode converters, the proposed converters can 
provide higher or lower voltage gains and the switch 
stress is lower. The family includes two dual-input 
members which can be used in two power sources 
applications. The simulation and experimental 
results of the converter members [see Fig. 1(a) and 
(b)] confirm their functionality and verify the 
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theoretical analysis presented. Furthermore, the 
measured results of efficiency and voltage under 
different output power are compared with 
conventional converters, which indicate that the 
proposed step-up converters  1(a) and (b)] can meet 
high efficiency and good voltage regulation. The 
other members of the proposed family have also 
been simulated and their operations have been 
confirmed. The same conclusion can be made to 
other members of the proposed family because of 
similar structure and the same design philosophy. Of 
course, there are also some regrets for the family of 
converters. For instance, the output voltage of the 
single-input step-up converter member [see Fig. 
2(b)] is always higher than twice the input voltage 
and is only suitable for high voltage gain 
applications. Similar problem is also found in the 
high step-down member [see Fig. 3(a)]. In addition, 
there is no member in the family that can provide 
both higher and lower voltage levels than input 
voltage under different duty ratios. However, all 
these regrets will be the direction of the further. 
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