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Abstract— As generally recognized,many applications 

require voltage bucking/boosting converters,such as portable 

devices,so a buck-boost converter with a positive voltage is 

presented.It combines KY converter and traditional 

synchronously rectified(SR)buck converter.So the problem 

in voltage bucking of the KY converter can be solved.It has 

nonpulsating output current,as it operates in continuous 

conduction mode and it decreases the current stress on the 

output capacitor and reduces the output voltage ripple.It has 

no right-half plane zero which means same 20dB/decade 

gain magnitude as a conventional(left half plane) but with 

90¬ phase lag instead of lead and use the same power 

switches,which causes the circuit to be compact and the cost 

will be less.During magnetization period,the input voltage of 

the KY converter comes from the input voltage source and 

during demagnetization period,the input voltage of the KY 

converter comes from the output voltage of the SR buck 

converter 

Key words:  KY Converter, SEPIC           

I. INTRODUCTION 

Voltage bucking/boosting converters are used for various 

applications like portable devices,car electronic devices.The 

presence of RHP(right half plane zero),causes low system 

stability,because it is very difficult to compensate.Some non 

isolated voltage buck/boosting converters like single-ended 

primary inductor converter(SEPIC),Cuk converter,Zeta 

converter, operate in continuous conduction mode but have 

righ-half plane zero.These all problems can be overcome 

using KY buck-boost converter. 

              KY converter and SR buck converter are combined 

into a buck-boost converter(2D),which use same power 

switches.It has no right-half plane zero as the input is 

connected to the output during turn on period.Positive and 

negative inductor currents exist at light load 

simultaneously,as the converter always operate in 

continuous conduction mode. 

              This converter has non pulsating output inductor 

current,so the current stress on the output capacitor reduces 

and so,the output voltage ripple is small.To reduce the 

number of switches KY converter and the SR buck 

converter are combined into a buck-boost converter(2D 

converter). 

II. KY CONVERTER AND SYNCHRONOUS BUCK CONVERTER 

KY converter is a voltage boosting converter and it always 

operates in continuous conduction mode.The output current 

of KY converter is non pulsating and causes low output 

voltage ripple.It possesses good transient load response. 

The KY converter consists of two MOSFET 

switches S1 and S2 along with anti-diodes DI and D2 

respectively, one diode D, one energy-transferring capacitor 

Cb which is large enough to keep the voltage across itself 

constant at the value of the input voltage, one output 

inductor L, and one output capacitor C. During this state 

voltage across Cb is equal to Vi, thus diode D does not 

conduct. 

 
Fig. 1: KY Converter 

When we look into the operation of the KY 

converter, it is assumed that the input voltage is vi, the 

voltage across the capacitor Cb is equal to vi, the output 

voltage is v0, the current flowing through L is i. For the 

convenience of analysis, the dead time between two 

MOSFET switches and the voltage drop across switches and 

diodes are negligible. It is noted that this converter always 

operates in CCM. 

 Case 1: 

In this case, the power flowing through the output inductor 

L is assumed to be from the left side to the right side all the 

time, which usually happens at heavy loads. 

 Mode 1:  

As soon as SI is turned on and S2 is turned off, the voltage 

across L is the input voltage vi plus the voltage vi across Cb 

minus the output voltage vo, thereby causing L to be 

magnetized. And hence, the corresponding differential 

equations are given as 

 
  

  
        

 
   
  

   
  
 

 

 Mode 2: 

In Fig. 1, as soon as S2 is turned on and SI is vi turned off, 

the voltage across L is the voltage vi across Cb minus the 

output voltage vo, causing L to be demagnetized. And 

hence, the corresponding differential equations are 

 
  

  
        

 
   
  

   
  
 

 

By applying the voltage-second balance to mode (1) and (2) 

equations, the relationship between DC input voltage Vi and 

DC output voltage Vo can be represented as 

(      )       (     )(   )       
                         

  
  
     

 Case 2: 
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The power flowing through the output inductor L is assumed 

to be from the right side to the left side for any time and the 

differential equations and the output equations are similar to 

case 1. 

 
Fig. 2: Synchronous Buck Converter 

The topology consists of two switches Q1 and Q2 

which are called control switch or main switch and 

synchronization switch respectively. Inductor L is the 

energy storing element and C is the output capacitance.  

 When switch Q1 is on and Q2 is off, the current 

flows through the inductor from the supply and magnetizes 

L. As soon as Q1 is turned off, Q2 must be turned on in 

order to maintain continuous current flow in the circuit. 

When Q2 is on, the energy stored in the inductor supports 

the flow of current through the load. 

 The output equation of the synchronous buck 

regulator is the same as that of a asynchronous buck 

regulator, given by, 

 
This topology is called Synchronous buck 

converter because the switches Q1 and Q2 have to be 

synchronously controlled in order to maintain continuous 

current flow through the load. The losses are significantly 

reduced in this topology when compared to the 

asynchronous buck converter since only the conduction 

losses of the switches come into picture during the off time 

of the control switch. This loss is much lesser than the on-

state voltage drop and conduction losses of the diode. 

A. Proposed Converter Topology and Operation Analysis: 

 
Fig. 3: Proposed Buck-Boost Converter 

The buck–boost converter combines two converters using 

the same power switches. One is the KY converter, which is 

constructed by two power switches S1 and S2, one power 

diode D1 which is disconnected from the input voltage 

source and connected to the output of the SR buck 

converter, one energy-transferring capacitor C2, one output 

inductor L2, and one output capacitor Co. The other is the 

SR buck converter, which is built up by two power switches 

S1 and S2, one inductor L1, one energy-transferring 

capacitor C1. The output load is signified by Ro. During the 

magnetization period, the input voltage of the KY converter 

comes from the input voltage source, whereas during the 

demagnetization period, the input voltage of the KY 

converter comes from the output voltage of the SR buck 

converter. 

B. Operating Modes: 

 
Fig. 4: Current Flow in State 1 

As shown in Fig. 4, S1 is turned ON but S2 is turned 

OFF. During this state, the input voltage provides energy for 

L1 and C1. Hence, the voltage across L1 is Vi minus VC1 , 

thereby causing L1 to be magnetized, and C1 is charged. At 

the same time, the input voltage, together with C2, provides 

the energy for L2 and the output. Hence, the voltage across 

L2 is Vi plus VC2 minus Vo, thereby causing L2 to be 

magnetized, and C2 is discharged. Therefore, the related 

equations are depicted as follows: 

                 ….(1) 

               …. (2) 

 
Fig. 5: Current Flow in State 2 

1) State 2: 

As shown in Fig. 6, S1 is turned OFF but S¬2 is turned ON. 

During this state, the energy stored in L1 and C1 is released 

to C2 and the output via L2. Hence, the voltage across L1 is 

minus VC1, thereby causing L1 to be demagnetized, and C1 

is discharged. At the same time, the voltage across L¬2¬ is 

VC2 minus Vo, thereby causing L2 to be demagnetized, and 
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C2 is charged. Therefore, the associated equations are 

described as follows: 

By applying the voltage-second balance to (1) and 

(3), the following equation  is obtained   

(      )     (    )(   )        ..(6) 

                                 

By simplifying (6), the following equation can be 

obtained as 

VC1 = D.Vi                                                   ..(7) 

Sequentially, by applying the voltage-second 

balance to (2) and (4), the following equation can be 

obtained as 

(         )     (      )(   )     ..(8) 

                                           
   

Hence, by substituting (5) and (7) into (8), we have 

Vi.DTs+ D.Vi.Ts -Vo.Ts=0 

Hence the voltage conversion ratio of the proposed 

converter can be obtained as  

Vo/  Vi =2D                          ..(9) 

C. Design Parameters and Considerations: 

DC Input voltage 10V-16V 

DC output voltage 12V 

Rated dc load current 3A 

Switching frequency 200kHZ 

Table 1: Design Parameters 

 Voltage across C1 and C2:   Vc1 = Vc2 = 

0.5Vo=6V 

 ∆IL1= ∆ iL2= 0.5I0_rated 

 L1 ≥ Dmin (Vi-Vc1)  

                          ∆IL1.fs 

 L2 ≥ Dmin (Vi+Vc1-V0)  

                              ∆IL2.fs 

 C1 ≥ I0_rated.Dmax   

                            ∆Vc1.fs 

 C2 ≥ I0_rated.Dmax   

                           ∆Vc1.fs 

 ESR ≤ ∆V0 

                         ∆iL2 

Using the above equations, the calculated values are as 

follows: 

 Dmin=0.375 

 Dmax=0.6 

 L1=12.5uH 

 L2=33.33uH 

 ESR=80*10
-3

ohm 

 C1=150uF 

 C2=150uF 

D. Advantages over Conventional Buck-Boost Converter: 

1) The output current is positive in this proposed 

converter,where as it is negative in traditional 

buck-boost converter. 

2) Output voltage ripple is reduced in proposed 

converter compared to conventional buck-boost 

converter. 

3) Proposed converter maintains the voltage constant. 

 

4) Traditional buck-boost converter has a negative 

output voltage for a positive input voltage and vice 

versa,where as  proposed converter produces a 

positive output voltage for a positive input voltage. 

5) Proposed converter uses minimum number of 

switches compared to traditional buck-boost 

converter.So the cost and complexity of the circuit 

is reduced. 

E. Simulation Results: 

The MATLAB simulation results verify the successful 

operation of proposed buck boost converter. Figure 6 shows 

the simulation diagram and Figure 8 shows the output 

voltage across the load. 

 
Fig. 6: Simulation Diagram of Proposed Buck-Boost 

Converter 

 
Fig. 7: Output Voltage And Current Waveform 

 
Fig. 8: Inductor Voltages 
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Fig. 9: Inductor Currents 

F. Experimental Verification: 

In order to verify the effectiveness of the proposed 

converter, the experimental set up of the converter is  shown 

in fig.10. 

 
Fig. 10: Experimental Set Up. (A) Top View. (B) Bottom 

View 

Product name of S1 and S2 APM3109 

Product name of D1 STP30L45 

Product name of control IC ICA7W716 

Table 2: Component Selection 

III. CONCLUSION 

This paper presents buck-boost converter with a positive 

output voltage with the following features and benefits: 

1) This converter combines KY converter and 

traditional SR buck by using same power switches 

and has no right half plane zero  

2) This converter always operates in CCM,so causes 

variations in duty cycle all over the load range is 

not so high and hence the control of converter is 

easy.  

3) The converter possesses non pulsating output 

current,and decreases the current stress on the 

output capacitor and also reduces output voltage 

ripple. 

4) This topology is applicable in power supplies of 

portable device such as mobiles,laptops,MP3 

players and other battery operated devices. 

 

For any input voltage,the proposed converter can 

stably work for any dc load current.At dc load current of 

0.25A,the efficiency is 88% or more. 
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