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Abstract— In this paper proposes on DC to DC buck 

converter of high efficiency by soft switching technique. The 

DC- DC converter plays an important role in power 

conversion. Like computer power supplies, switching mode 

regulators are used in these applications. The Control action 

of buck converter involves maintaining a constant output 

voltage in the presence of change in load and supply voltage 

conditions. The PI controller behaves very effectively and has 

maintained constant output voltage subject to the input 

voltage and load variations. In this paper design and 

simulation using MATLAB/SIMULINK of buck converter 

output voltage using PI controller is presented. 
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I. INTRODUCTION 

The buck converter is a device which transforms AC to DC. 

This device is also called as an AC to DC converter. The buck 

converter is a dc-dc converter is used for stepping down dc 

output voltage. For mother board supplies are used in 

personal computers. The power electronics switches can be 

made on or off and to maintain a specified output voltage 

level. Feedback control is a process of making a system 

variable conform to a particular desired value. This involves 

measuring the system variable, finding an error signal by 

comparing a system variable with the desired value and then 

using the error signal by influencing the value of the system 

variable. Switched-mode power supply systems require 

feedback control to regulate the output voltage and current to 

a desired value. 

The combination of the proportional and the integral 

mode is called as the Proportional-Integral controller mode. 

From this mode,certain advantages of both control actions 

can be obtained. This mode is also called as the proportional 

plus reset action controller. The Equations for the 

proportional mode and integral mode are combined to have 

an analytic expression for this mode,which is given below: 
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Where,  

pt(0) = Integral term value at t = 0 (initial value) 

By design,the proportional gain is also changes. But 

the integration gain, the net integration mode gain can be 

separately adjusted. It is understood that the proportional 

offset occurred, when a load change required a new nominal 

controller output, and this could not be provided except by a 

fixed error from the set point. The integral mode function 

gives to needed a new controller output.After the load change 

occurs, the integral feature successfully supplies a ‘reset’ of 

the zero error output. A load change occurs that produces the 

error, at time t1. The new load condition requires a new 

controller output. The controller output is supplied through a 

sum of proportional plus integral action that finally leaves the 

error at zero. In this chapter, work is carried out for the 

implementation of the PI controller for the buck converters 

and the results are simulated using MATLAB. The PI 

controller behaves very effectively and has maintained 

constant output voltage subject to the input voltage and load 

variations. 

II. BUCK CONVERTER CIRCUIT 

A buck converter is shown in Fig. 1 where the power 

electronics circuit Switch S is controlled by duty cycle ratio 

as dictated by output voltage condition. The output voltage is 

always lower than input voltage is called as an buck 

converter.   

 
Fig. 1: DC to DC Buck Converter 

There are three states of the buck converter circuit: 

1) Switch S on, Diode D off; 

2) Switch S off, Diode D on; 

3) Switch S off, Diode D off. 

The Switch S is controlled by pulse width modulation 

(PWM) technique. Here, a saw tooth voltage is compared 

with a fixed dc voltage. If a saw tooth voltage is lower than 

the fixed dc voltage then switch S is closed or else switch S 

is open. 

A. Operation Circuit Model for Buck Converter: 

1) Mode 1: 

When the controlled switch ‘S’ is on by pulse width 

modulation (PWM), at that time input voltage shows across 

the inductor L, filter capacitor C, load resistor R and current 

in inductor L increases linearly. In the same cycle the 

capacitor C is charged. During mode 1, the diode reversed 

biased and resulted from flowing current, the input supplies 

energy to the load in addition to the inductor. 

 
Fig. 2: Switch is closed 
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2) Mode 2: 

When the controlled switch that is MOSFET switch is off. 

The voltage across the inductor L is reversed. But the current 

in the inductor L cannot change immediately and the current 

starts decreasing linearly through inductor L, capacitor C, 

load resistor R and diode D. In the same cycle the capacitor 

is also charged with the energy stored in the inductor. 

  
Fig. 3: Switch is open 

B. Design of Buck Converter: 

The equations for buck converter are presented as below, 
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D is the duty ratio of switch S. 
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VL(t) = Vi -V0   if switch is closed                             (5) 

VL(t) = -V0  if switch is open                                     (6) 

III. PI CONTROLLER 

Proportional integral controller will remove forced 

oscillations and steady state error resulting in operation of P 

controller and on-off controller correspondingly. on the other 

hand, integral mode has a negative effect on speed of the 

response and overall stability of the system.  

Hence, Proportional integral controller will not 

increase the speed of response. It can be expected because PI 

controller does not have mean to predict what will happen 

with the error in near future. The problem can be solved by 

introducing derivative mode and thus to decrease a reaction 

time of the controller.  

PI controllers are very often used in industry, 

particularly when speed of the response is not an issue.  

A control without D mode is used when:  

 Fast response of the system is not necessary.  

 During operation of the process, large disturbances and 

noise are present  

 There is only one energy storage in process (capacitive 

or inductive). 

 There are large transport delays in the system 

The equation of PI controller is given below, 
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Where, 

Kp is Proportional Gain 

Ki is Integral Gain 

The block diagram shown in Fig 4. explains the 

implementation of the PI controller for buck converter. The 

actual output voltage of the buck and boost converter and the 

constant reference voltage are compared, to form the error 

signal.  

 
Fig. 4: Block Diagram of the Buck Converter with the PI 

Controller 

The error signal is amplified and given to the PI 

controller. The PI controller generates the control signal 

based on the error signal for varying the turn on and turn off 

time of the regulator switch of the buck converter and to 

maintain the constant output voltage (Vo) irrespective of the 

input voltage and load variations. 

IV. SIMULATION RESULTS 

Matlab/Simulink circuit for the buck converter circuit is 

presented in Fig. 6. 

 
Fig. 6: Buck converter circuit with PI Controller in 

MATLAB/Simulink 

Parameters Values 

DC Voltage Source 100V 

Inductance 1*e-3 Henry 

Capacitance 1*e-6 Farad 

Resistance 100 ohms 

Proportional Gain (Kp) 0.1 

Integral Gain (Ki) 1 

Constant Value 75 

Discrete Value 4*e-007s 

Table 1: System Parameters 
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Fig. 7: Current and voltage 

 
Fig. 8: Buck Converter Using PI Controller 

V. CONCLUSION 

In this paper proposed on buck converter using PI controller. 

The designing of buck converters has been carried out for 

constant voltage applications considering KP and KI are the 

performance parameter for PI controller.The input voltage of 

the Buck converter is 100 volts and after switching stepped 

down to delivered the output voltage 12 volts.The design and 

simulation using MATLAB/SIMULINK of buck converter 

output voltage using PI controller is presented.  
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