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Abstract- Control of Buck converter is a complex task due to the nonlinearity in the converter that are introduced by the 
external changes. This paper presents a systematic, simple and easy to follow design procedure for sliding mode voltage 
controlled buck converters operating in discontinuous conduction mode. The dynamic equations much essential in describing 
the buck converter are represented in a lucid manner. The modelled and simulated version of the sliding mode controller is 
presented here in this paper. Pulse width modulated (PWM) signal generated by sliding mode voltage controller (SMVC) 
using appropriate feedback has been successfully utilized to obtain improved performance of the converter.  
The paper focuses on modelling of a control circuit in Matlab/Simulink. 
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I. INTRODUCTION 

 
Sliding mode control (SMC) has been proposed to 
improve the robustness and the dynamic response in 
switched mode power supplies. The SMC is a control 
approach, which complies with the nonlinear nature 
of switch-mode power supplies. This control 
technique offers several advantages compared to 
traditional control methods; Stability, even for large 
line and load variations, robustness, good dynamic 
response and simple implementation. 
One of the most important features of sliding mode 
regime in variable structure systems is the ability to 
achieve responses that are independent of the system 
parameters, the only limit being the canonical form 
description of the system. From this point of view, 
the Buck DC/DC converter is suitable for the 
application of the SMC.The main advantage of this 
approach is that the switching frequency is constant 
under all operating conditions, and it is easily 
controllable by varying the ramp signal. Basically, 
there are two methods of implementing this constant 
frequency operation. The first method is to encode 
the ramp signal into the discontinuous SM switching 
function of the controller. The advantage of this 
method is that it is straight forward and simple to 
implement. However, this comes at an expense of 
additional hardware circuitries, as well as deteriorated 
transient response in the system‘s performance 
caused by the superposition of the ramp function 
upon the sliding mode (SM) switching function. 
 
The second method is to compare the continuous 
input signal generated from the SM equations derived 
from the equivalent control method, with the ramp 
waveform to create the switching operation. 
Furthermore, SM has low sensitivity to plant 
parameter variations and disturbances, which 
eliminates the necessity of exact modelling. Sliding 
mode control enables the decoupling of the overall 
system motion into independent partial components 

of lower dimension and as a result, reduces the 
complexity of feedback design. Sliding mode control 
implies that control actions are discontinuous state 
functions, which may easily be implemented by 
conventional power converters with on-off as the 
only admissible operation mode. Sliding mode 
control has been proved to be applicable to a wide 
range of problems in robotics, electric drives and 
generators, process control, vehicle and motion 
control. 
 
A sliding mode controller for buck converter is 
proposed in this paper. A simple and easy to follow 
design procedure is described in this paper. 
Simulation results are presented to explore the 
potentials of Sliding mode control for Buck 
converter. 
 
II. BASIC BLOCK DIAGRAM FOR SMVC 

BUCK CONVERTER 
 
The basic block diagram of SMVC buck converter is 
shown in Fig.1. 

 
Fig.1: Block diagram for the SMVC buck converter 

 
III. BASIC STRUCTURE OF SMVC BUCK 

CONVERTER 
 

The basic structure of SMVC buck converter is 
shown in Fig.2.Here the voltage error x1 and the 
voltage error dynamics  x2 are the state variables. 
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Fig.2:  Basic structure of SMVC buck converter 

 
A. Mathematical Model of Buck Converter. 
Fig.2 shows the schematic diagram of an SMVC buck 
converter. Here, the voltage error x1 and the voltage 
error dynamics (or the rate of change of voltage error) 
x2  can be expressed as 
 

 
 
Where C, L and RL are the capacitance, inductance, 
and load resistance, respectively, Vref , Vi, and Vo are 
the reference, input, and sensed output voltage 
respectively. u = 1 or 0 is the switching state of 
power switch SW. Then, by differentiating the above 
equation with respect to time, the state space model 
can be obtained, 

 
 
B. Ideal Sliding Mode Voltage Controller. 
This is a linear controller and it must satisfies the 
equation 

 
where , is the control parameter x1 and x2 are the 
errors we get from the converter and S is the sliding 
line. 

 
By enforcing S=0, a sliding line with gradient α can 
be obtained. The purpose of this sliding line is to 
serve as a boundary to split the phase plane into two 
regions. 
 
IV. DESIGN STEPS FOR THE SMVC BUCK 

CONVERTER 

 
Table 1: Specifications of Buck Converter 

Step 1: The current sensing gain H is set at a value 
such that the measured capacitor current, Ic 
(measured) is equal to the actual capacitor current, Ic. 
 
Step 2: Setting reference voltage Vref = 3.3V and the 
gain β is calculated as below. 

 
Step 3:- The parameter of the hysteresis band, can be 
obtained from 

 
Step 4: To find R1 and R2 one of the values of the 
resistance is assumed and the other is calculated by 
the formula given below. Let us assume that the value 
of the resistance R1 is 1K ohm then we will get R2 = 
8.91K ohm by 

 
Step 5: RV1 and RV2 re related by 
 

 
 
Choosing RV2=20kΩwe get RV1=33kΩ 
 
Step 6: RST1 and RST2of Us are related by 
 

 
 
Choosing RST1 as 110Ω, resistor RST2 is set as 
12kΩ 
 
Step7: RDIF for the difference amplifier circuit UD, 
are chosen as 10kΩ. 

 
Fig.3:  Simulation circuit for the SMVC buck converter 

 
V. SIMULATION RESULTS 
 

 
Fig.4: Waveform for Input voltage 
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Fig.5: Waveform for Inductor current 

 

 
Fig.6: Waveform for Capacitor current 

 

 
Fig.7: Waveform for u 

 

 
Fig.8: Waveform for output voltage 

 

 
Fig.9: Hysteresis curve 

CONCLUSION 
 
A detailed analysis of the design principle of a 
SMVC buck converter is done. A simulation model in 
Matlab/Simulink for the system is build and the 
results are presented .A hysteresis band is introduced 
to the sliding line to solve the problem of chattering. 
Design guidelines are provided in a simple step by 
step manner. 
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