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Optimization of SynchronousBuck-Boost DC-DC 

Switching Converter 
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Abstract—this paper presents ahigh-efficiency non-isolated 

synchronous buck-boostDC-DCswitching converter.The circuit is 

made to operate in Discontinuous Conduction Mode (DCM)of 

operation for minimum inductor value, to reduce size and cost of 

the converter.A snubber capacitor is used across the switch to 

minimize turn-off loss. The power dissipation through snubber 

capacitor and inductor is minimized by proper selection of its 

value, hence improves the efficiency of the converter. 

Complementary gate signals are used to control the ON and OFF of 

main and auxiliary switch. By use of DCM of 

operation,complementary gate signals control scheme and snubber 

capacitor, turn-on loss is minimized. State space averaging method 

is used to obtain control-to-current transfer function. Using the 

transfer function module,ProportionalIntegral Derivative (PID) 

controller is tuned using PID tuner available in simulinkcontrol 

design block to regulate load voltage and load current for change in 

inductor reference current(I*), change in load and change in input 

voltage. The modules are verified using MATLABsimulink 

simulator.   

Keywords:DCM, buck, boost, non-isolated, PID controller, simulink. 

I. INTRODUCTION 

Switching DC-DC converters are considerable amount of the 

simplex power electronic circuits which transfer one level of 

electrical voltage into another level by switching action. These 

converters have obtained a greater considerable extent of 

concern in numerous fields like power supplies for individual 

computers, clerical device, telecommunication purpose, DC 

machine drives, aerodynamics, hybrid electric and fuel cell 

vehicles[1], renewable energy system etc. The analyses, regulate 

and stabilization of switching converters are the important 

circumstance that require to be taken into account. Many 

regulate types are utilized for control of switching DC-DC 

converters and the simple, straightforward and low amount 

regulate framework is forever in require for all industrial and 

large capability uses. Voltage-mode regulate and current-mode 

regulate are two commonly used regulate schemes to regulate 

the output voltage and current of dc-dc converters [2]. 

Feedback loop type automatically maintains a precise output 

voltage or current regardless of variation in reference voltage or 

current, load conditions, input voltage and current. Currently, 

there exist more than one different control approach, for 

example state space averaging type regulate [3], pulse width 

modulation and PID control technique [4], sliding 
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mode regulate [5], fuzzy logic regulate [6], etc.Each regulate 

type has its own benefits and disadvantages, and its efficient find 

out by the use where it is adopted. 

In this proposed research work, we derived control-to-current 

transfer function module using state space averaging technique. 

Using derived transfer function module,PID values are obtained 

by tuning PID tuner available in Simulink Control Design Block 

to regulate load voltage and load current for change in inductor 

reference current, change in load and change in input voltage. 

The obtained P, I and D values are used in feedback PID 

controller of buck and boost modules. The buck and boost 

modules are tested for different conditions like change in 

inductor reference current, change in load and change in input 

voltage. For each case load voltage, load current, load power, 

inductor ripple current, efficiency and duty cycle are measured. 

From the obtained results it is noted that the theoreticaland 

simulation measurementare comparable. The feedback controller 

works as expected. 

II. PROPOSED SYSTEM 

A non-isolated synchronous buck-boostDC-DC converter 

technology is to combine a buck mode and a boost 

modeconverter. The converter isimplemented to operate in 

discontinuous conductingmode (DCM) such that the inductor 

size, cost and converter size can be minimized.The 

DCMoperation largely increases turn-off loss. This is one of the 

disadvantageof the inductor sizereduction. The snubber capacitor 

added across the transistor switch is to reduce turn off loss. 

Snubber capacitor requires certain amount of energy stored in the 

inductor to discharge the capacitorenergy before device is turned 

on.The major advantage of the DCM operationis minimum turn-

on lossdue to complementary gating signal control scheme and 

by use of snubber capacitor, thus low diode reverse recovery 

loss.Thus bothsoft switching turn-on and -off are obtained.The 

optimization of size, costand efficiency can be done by selecting 

proper circuit parameters like snubber capacitor, inductor, 

switching device, and load resistor. 

Fig.1 is the proposed circuit topology. When VH= DC voltage 

source and VL = 0 voltage, the circuit will act as buck mode with 

R2 act as load and R1 is the internal resistance of the VH. When 

VH=0 and VL=DC voltage source, the circuit is in boost mode 

with R1 as a load and R2 is the internal resistance of VL. In buck 

mode the inductor current is positive and in boost mode it is 

negative.  
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Fig.1: Synchronous Buck-BoostDC-DCSwitching converter. 

III.POWER STAGE MODELING 

 The circuit shown in Fig.1 is used as buck and boost 

mode of operation. In this modes of operation there are two 

intervals, turn on and turn off as shown in Fig.2. 

 

Fig.2: Inductor ripple current with turn-on and turn-off intervals 

 At time t1, Q1 is on, the inductor current is 

positive,moving towards VL and reach its peak value at time t2. 

At time t2,Q2 is on and Q1 is off, during this time, diode D2 is 

carrying the freewheeling current. With the voltage V2 against 

the inductor, the current reduces until it passes through zero and 

changes its direction. At this time (t3) the current will flows 

through the auxiliary switch Q2. Now the diode D2 turn off 

naturally without having reverse recovery loss. The parasitic 

ringing is also prevented. At time t4, Q1 is on and Q2 is off. 

During this time, diode D1 will carry the inductor negative 

current. The voltage difference between V1 and V2 will appear 

across the inductor L, and the inductor current will increase 

towards positive direction and reaches zero at time t5 and switch 

over to positive direction, and the main switch Q1 takes the 

current. The cycle repeats.  

 Using state space averaging method,average inductor 

current (IL), high side voltage (V1), low side voltage (V2) and 

control to current transfer function is derived and is given in 

equations (1-4).  
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Where D = Duty cycle, VH=voltage at high side, VL=voltage at 

low side, R1=internal resistance of VHin buck modeor load in 

boost mode, R2=internal resistance of VL in boost mode or load 

in buck mode, RP=Rdson+RLP,  Rdson=turn-on resistance of 

MOSFET, RLP=parasitic resistance of inductor, CH=input 

capacitor, CL=  output capacitor . 

 

III. CURRENT FLOW DIRECTION  

 Current flow direction in buck and boost mode of 

operation is shown in Fig.3 (a)and (b) respectively. Do is called 

zero current duty cycle, because at this value of duty cycle 

inductor current is zero and it is given by equation (5). Dis the 

control duty cycle. 

                                    
  

  
         (5) 

 
(a)                                                (b) 

Fig.3: Current flow direction 

 In buck mode of operation VL=0, so Do=0, hence D is 

greater than Do, which varies between 0 to 1and the inductor 

current is positive. Here as D increases iL also increases. In boost 

mode of operation VH=0, Do=∞, hence D is less than Dowhich 

varies between 0 to 1and the inductor current is negative. Here 

as D increases iL approaches to zero. 

 

V. EFFICIENCY MEASUREMENT 

 Power loss in DC-DC converter exist through the 

MOSFET conduction, diode conduction, MOSFET switching, 

inductor and through snubber capacitor. The efficiency of the 

converter is given in equation (6) 

   
  

                                     
     (6) 

Where Po=output power, Psw-con=switch conduction loss, Pd-

con=diode conduction loss, Psw1=loss during switch transition, 

Psw2= loss during discharging of the drain to source capacitor of 

the MOSFET during turn on, PL=inductor loss and Ps-

cap=snubber capacitor loss. 
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VI.PID CONTROLLER 

Proportional-Integral (PI) controller is used as a 

feedback controller with inductor current as a feedback 

reference as shown in Fig.4. Using transfer function of equation 

(4), P, I and D values are obtained by tuning PID tuner available 

in Simulink Control Design block as shown in Fig.5. Further P, I 

and D values are fine tuned by trial and error methodfor better 

transient response as shown in Fig.6.The corresponding transient 

response parameters are given inTable 1. Accordingly the P, I 

and D vales are 0.000123, 60 and 0 respectively. Since D=0, PI 

controller is considered instead of PID controller.   

 
Fig.4: Feedback controller 

 
Fig.5: PID Tuner 

 
Fig.6: Transient response for step input. 

 

Table 1: Transient response parameters forbuck and boost mode 

VL 
(V) 

VH 

(V) 
R1 

(Ω) 
R2 

(Ω) 
I* 
(A) 

tr (sec) ts 

(sec) 
% OS 
 

ess 

(%) 

0 250 10m 10 15 0.1m 8m 19 0.29 

0 250 10m 10 20 0.1m 10m 18.5 0.29 

0 250 10m 5 20 0.1m 5m 20.6 0.66 

0 270 10m 10 15 0.1m 8m 21.7 0.29 

60 0 18 10m -12 0.1m 5m 29.7 0.14 

60 0 18 10m -16 0.1m 4m 40.4 0.16 

60 0 9 10m -12 0.1m 5m -3.5 0.04 

50 0 18 10m -12 0.1m 5m 30.4 0.12 

 

VII. RESULTS 

I. Buck mode of operation:  

Circuit parameters value is given in Table 2 (Ref Appendix-B) 

 

Case 1: Change in inductor reference current: 

Here the inductor reference current changes from 15A 

to 20A. A simulation result is shown in Fig.7 (Ref Appendix-

A).With change in inductor reference current, the load current 

and load voltage increases and takes 4ms to reach steady state 

value. It is also noticed that as load current increases efficiency 

also increases as shown in Fig.8.  

 

Case 2: Change in load resistance: 

In this case load resistance changes from 10Ω to 5Ω 

and back to 10Ω. A simulation result is shown in Fig.9 (Ref 

Appendix-A). The load current and load voltage also changes 

with change in load and takes around 3.5ms to reach steady state 

value. It is also noticed that as load resistance increases 

efficiency also increases as shown in Fig.10.  

 

Case 3: Change in input voltage: 

Here the input voltage changes from 250V to 270V. A 

simulation result is shown in Fig.11 (Ref Appendix-A). The load 

current and load voltage changes little bit with change in input 

voltage and takes 4ms to reach steady state value. It is also 

noticed that as input voltage increases efficiency decreases as 

shown in Fig.12.  

 
Fig.8: Efficiency v/s load current 

 
Fig.10: Efficiency v/s Load resistance 

 
Fig.12: Efficiency v/s input voltage 

The theoretical and simulation measurementsof 

different parametersfor above three cases are tabulated in table 

3, 4 and 5 respectively (Ref Appendix-B) and they are 

comparable. 

 

II. Boost mode of operation 

 

Circuit parameters value is given in table 6 (Ref Appendix-B) 

 

Case 1: Change in inductor reference current: 

Here the inductor reference current changes from -12A 

to -16A. A simulation result is shown in Fig.13 (Ref Appendix-

A).With change in inductor reference current, the load current 

and load voltage increases and takes 4ms to reach steady state 

value. It is also noticed that as load current increases efficiency 

decreases as shown in Fig.14.  
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Fig.14: Efficiency v/s load current 

Case 2: Change in load: 

In this case load resistance changes from 18Ω to 9Ω 

and back to 18Ω. A simulation result is shown in Fig.15 (Ref 

Appendix-A). The load current and load voltage also changes 

with change in load and takes around 3ms to reach steady state 

value. It is noticed that as load resistance increases efficiency 

also increases and then decreases as shown in Fig.16.  

 
Case 3: change in input voltage: 

Here the input voltage changes from 50V to 60V. A 

simulation result is shown in Fig.17 (Ref Appendix-A). The  

 
Fig.16: Efficiency v/s load resistance 

load current and load voltage increases with change in input 

voltage and takes 4ms to reach steady state value. It is also 

noticed that as input voltage increases efficiency also increases 

as shown in Fig.18.  

 
Fig.18: Efficiency v/s input voltage 

The theoretical and simulation measurements ofdifferent 

parameters for above three cases are tabulated in table 7, 8 and 

9respectively (Ref Appendix-B) and they are comparable. 

 

VIII. Conclusion 

A high-efficiency non-isolated synchronous buck-boost DC-

DC switching converter operating in DCM of operation and 

feedback controller technique is proposed in this paper. The 

Transfer Function module is derived and it is used to tune the 

PID controller using PID tuner available in Simulink Control 

Design block. The controller works as expected and the system 

feature can be predicted through simulation. In all the above six 

cases it is noticed the duty cycle changes smoothly without 

severe change, this smooth change of duty cycle leads to smooth 

current and voltage flow. The overall transition for load current 

and load voltage to reach steady state value takes around 3 to 4 

ms for change in inductor reference current, change in load 

resistance and change in input voltage in both buck and boost 

converter. The simulation efficiency lies between 94.54 % to 

96.92% in different test conditions. 
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Appendix-A: Figures 

 
Fig.7: Buck Mode Inductor Ripple Current, Load Current, Load Voltage, Change in Inductor Reference Current and Duty Cycle. 
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Fig.9: Buck Mode Inductor Ripple Current, Load Current, Load Voltage, Change in Load Resistance and Duty Cycle 

 
Fig.11: Buck Mode Inductor Ripple Current, Load Current, Load Voltage, Change in Input Voltage and Duty Cycle 

 
Fig.13: Boost Mode Inductor Ripple Current, Load Current, Load Voltage, Change in Inductor Reference Current and Duty Cycle 

 
Fig.15: Boost Mode Inductor Ripple Current, Load Current, Load Voltage, Change in Load Resistance and Duty Cycle 
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Fig.17: Boost Mode Inductor Ripple Current, Load Current, Load Voltage, Change in Input Voltage and Duty Cycle 

Appendix-B: Tables 

Table 2: Test parameter for buck mode 

VH VL R1 R2 CH=CL L Fsw Rdson RLP  Sunbber 

capacitor 

250V 0V 10mΩ 10Ω 150µF 10µH 50Khz 35mΩ 36mΩ 15nF 

Table 3: Buck mode test parameters for change in inductor reference current 
Parameters I*=15A,  RL = 10Ω, V1≈250V I*=20A, RL = 10Ω, V1≈250V 

Theoretical Simulation Theoretical Simulation 

V2 150 V 150±1 V 200 V 200±0.8 V 

   15 A 15±0.1 A 20 A 20±0.1 A 

         2.25KW 2.25KW 4KW 4KW 

∆iL 60.21A 60A 40.91A 40A 

  95.08% 95.09% 96.86% 96.88% 

D 60.45% 61% 80.62% 81.5% 

Table 4: Buck mode test parameters for change in load 
Parameters RL = 10Ω,  I*=20A, V1≈250V   RL = 5Ω, I*=20A, V1≈250V   

Theoretical Simulation Theoretical Simulation 

V2 200 V 200±0.77 V 100 V 100±1 V 

   20 A 20±0.078 A 20 A 20±0.2 A 

         4KW 4KW 2KW 2KW 

∆iL 40.91A 40A 59.70A 60A 

  96.86% 96.89% 94.64% 94.62% 

D 80.62% 81% 40.58% 41% 

Table 5: Buck mode test parameters for change in input voltage 

Parameters V1≈250V, RL = 10Ω,  I*=15A   V1≈270V, RL = 10Ω, I*=15A,   

Theoretical Simulation Theoretical Simulation 

V2  150V 150±1 V 150 V 150±1 V 

   15 A 15±0.1 A 15 A 15±0.1 A 

         2.25KW 2.25KW 2.25KW 2.25KW 

∆iL 60.21A 60A 66.92A 66.66A 

  95.08% 95% 94.68% 94.70% 

D 60.45% 60.5% 55.97% 56% 

Table 6: Circuit parameters for boost mode. 
VH VL R1 R2 CH=CL L Fsw Rdson RLP  Sunbber 

capacitor 

0V 60V 18Ω 10mΩ 150µF 10µH 50KHz 35mΩ 36mΩ 15nF 

Table 7: Boost mode test parameters for change in inductor reference current 

Parameters I*=-12A , V2≈60V, RL = 18Ω,   I*=-16A , V2≈60V, RL = 18Ω,     

Theoretical Simulation Theoretical Simulation 

V1  112.91V 110.3±0.3 V 130.02 V 127±0.4 V 

   6.27 A 6.13±0.03 A 7.22 A 7.06±0.02 A 

         707.94W 676.13W 938.74W 896.62W 

∆iL 28.12A 27.27A 32.30A 31.65A 

  96.23% 95.19% 95.80% 94.54% 

D 52.28% 54% 45.15% 46% 
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Table 8: Boost mode test parameters for change in load 
Parameters RL = 18Ω , I*=-12A , V2≈60V,    RL = 9Ω, I*=-12A, V2≈60V  

Theoretical Simulation Theoretical Simulation 

V1  112.91V 110.3±0.3 V 79.84 V 79.2±0.3 V 

   6.27 A 6.13±0.02 A 8.87 A 8.8±0.03 A 

         707.94W 676.13W 708.18W 696.96W 

∆iL 28.18A 27.36A 14.97A 14.54A 

  96.23% 95.19% 97.49% 96.92% 

D 52.28% 54% 73.93% 75% 

Table 9: Boost mode test parameters for change in input voltage 
Parameters V2≈50V, RL = 18Ω , I*=-12A    V2≈60V RL = 18Ω,I*=-12A   

Theoretical Simulation Theoretical Simulation 

V1  102.9V 100.5±0.3 V 112.91 V 110.3±0.3 V 

   5.71 A 5.58±0.02 A 6.27 A 6.13±0.02 A 

         587.55W 560.79W 707.94W 676.13W 

∆iL 25.70A 25.12A 28.12A 27.36A 

  95.71% 94.30% 96.23% 95.16% 

D 47.64% 49% 52.28% 53.5% 
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