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Abstract: This paper presents, linear peak current mode controller for the control of DC/DC buck converter is designed 

and analyzed. Dynamic equations describing the buck converter are derived and linear peak current mode controller is 

designed.  The buck converter, the voltage mode and current mode controller are modeled and are evaluated by 

computer simulations. The proposed technique has the advantages of reduced inductor current ripple, which in turn 

makes the DC load voltage to be stable and faster dynamic response. DC/DC buck Converter modeling, analysis, 

design criteria and Simulation results are presented. Simulation is done by using mathematical model of buck converter 

in MATLAB/SIMULINK environment.   
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I. INTRODUCTION 

Power electronic converters are widely used in many 

industrial applications. The buck type DC/DC converters 

are employed in applications where the required output 

voltage is lower than the source voltage. The mathematical 

models of these converters are very important for 

engineers to study the system dynamic behavior. As 

DC/DC converters are nonlinear and time variant systems, 

the application of linear control techniques for the restraint 

of these converters are not desirable. The analysis of the 

system with time-varying models is very complicated. 

Moreover, such model consumes the vast simulation time 

because of the switching devices. In order to design a 

linear control system using classical linear control 

techniques, the small signal model is derived by 

linearization around a precise operating point from the 

state space average model [1]. To obtain a control method 

that has the best performances under any conditions is 

always in demand. Variations of system parameters and 

large signal transients such as those produced in the start 

up or against changes in the load, cannot be dealt with 

voltage control mode technique. In the paper, the 

generalized state-space averaging (GSSA) method is 

selected to analyze the buck converter in which this 

method is well known for analyzing the DC/DC converter 

[2] - [4].  

In literature [5,6] voltage mode and current mode PWM 

control techniques are proposed. The main drawbacks in 

voltage follower approach of buck regulator are[5]  

 Large current stresses on Semiconductor devices 

 Demands more effort to attenuate the current ripple so 

as to have a satisfactory low electromagnetic 

interference (EMI) to the line. 

The above drawbacks are alleviated with Current 

Mode Control.  Current Mode Control was formerly 

introduced to the Power Electronics Ward in 1978 [6]. It 

was accepted as the most rugged way to control switching 

regulators. In literature [5] multiplier approach was first 

introduced under current mode control approach.   

 

 

However, due to the presence of inherent Oscillation 

Phenomenon for duty ratio is greater than the 0.5, noise 

immunity, complications in implementing, and system will 

be unstable. 

 After introduction of slope compensation technique 

and integrated control structure designed specifically for 

Carrier current mode control has led to a dramatic upswing 

in the application of this technique to new design. In 

literature [7, 8] carrier based current mode controllers are 

proposed for Quasi-steady-state property of CMC buck 

converter. 

In this paper voltage mode controller (VMC) and 

current mode controller (CMC) under continuous 

conduction mode are designed for a buck converter based 

on the state space averaging technique. The stability of the 

system has been analyzed from the performance 

characteristics, which clearly shows that the current 

controlled converter is dynamic and efficient for various 

applications. In addition, the linear peak current control 

mode (LPCMC) is applied to regulate the output voltage 

of the system. This is because the LPCMC can provide a 

good dynamic response, robustness, and simple 

implementation. The results will show that simulations 

using the proposed model drastically reduce simulation 

time in comparison with the available software package. 

The organization of this paper is as follows. Section II 

presents the modelling of buck converter. In Section III, 

the   controllers dynamic model will be addressed. In 

Section IV, the simulation and results for the model 

comparison between the VMC & LPCMC are illustrated. 

Finally, Section V concludes and discusses the advantages 

of the proposed model for studies the system dynamic 

behaviour 

 

II. MODELING OF BUCK CONVERTER 

A. Mathematical Modeling 

 The topology of a buck converter is shown in Fig. 1 When 

the switch is on position 1 the circuit is connected to the 
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dc input source resulting an output voltage across the load 

resistor. If the switch changes its position to position 0, the 

capacitor voltage will discharge through the load. 

Controlling switch position the output voltage can be 

maintained at a desired level lower than the input source 

voltage.   

 
Fig.1 Buck converter 

 

Therefore, the dynamic equation for the converter 

designed with the R Load for the circuit topology in is, For 

continuous conduction mode, The output of the circuit for 

ON period is, 

 
Fig.2  Buck converter for ON period 
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The output of the circuit for OFF period is: 

 
Fig.3  Buck converter for OFF period 
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With reference to these equations, the state space 

averaging technique is performed for better analysis. 
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Where iL is the inductor current, Vo or Vc is the output 

capacitor voltage, VS is the constant external input voltage 

source, L is the inductance, C is the capacitance of the 

output filter and R is the output load resistance. u is the 

control input taking discrete values of 0 and 1 which 

represents the switch position. It is assumed here that the 

inductor current will have a nonzero value due to load 

variations which is known as the continuous conduction 

mode (CCM).  

Rewriting Equations (10) and (11) in the form of state 

equations by taking the inductor current and output 

capacitor voltage as the states of the system, the following 

state equations are obtained. 
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The block diagram of the buck converter using state 

Equations (12) and (13) is shown in Fig. 4. 

 
Fig.4  Block diagram of Buck converter 

 

B. State Space Modeling 

The state space averaging is an approximation 

technique,   which helps in continuous time signal 

frequency analysis apart from the switching frequency 

analysis for higher switching frequencies. Though the 

original system is linear, the resulting system will be non-

linear therefore, this averaging technique gives an ease in 

representation of transfer functions. 

Thus from the dynamic equations, the state space 

equation for the entire switching cycle T is given below, 

For Continuous mode, In state space form 
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In state space form 
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III. CONTROLLERS FOR BUCK CONVERTER 

In order to overcome the switching losses due to 

unregulated power supply and core losses affecting the 

high frequency operation, controllers are widely used so 

that, regulated output voltage with maximum power can be 

obtained. Hence, linear and non-linear controllers are 

designed independently and the converter stability has 

been analyzed 
 

A. Voltage mode controller 

The voltage feedback arrangement is known as 

voltage-mode control when applied to DC/DC converters. 

Voltage-mode control (VMC) is widely used because it is 

easy to design and implement, and has good community to 

disturbances at the references input. VMC only contains 

single feedback loop from the output voltage. 
 

 
Fig.5 Voltage mode controlled DC/DC buck converter 

 

     The voltage mode controlled buck converter circuit is 

shown in Fig. 5. It consists of a controlled switch Sw 

(MOSFET), an uncontrolled switch diode D (diode), an 

inductor L, a capacitor C, and a load resistance R. The 

circuit shown in Fig. 5 is a nonsmooth dynamical system 

described by two sets of differential equations: 
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The switch is controlled by analog PWM feedback logic. 

This is achieved by obtaining a control voltage Vcon as 

function of the output capacitor voltage Vc and a reference 

signal Vref in the form,  

       (     
  
  
)                                         (  ) 

 

Where, kp is the gain of proportional controller and k1 is 

the factor of reduction of the output voltageV0. An 

externally generated saw-tooth voltage defined as Vramp(t) 

is used to determine the switching instants.  

     ( )     (     ) (
 

  
)              (  ) 

 

    Where Ts is the time period and VU and VL are upper 

and lower threshold voltages respectively. Here F(x) 

denotes the fractional part of x: F(x) = x mod 1. In voltage 

mode control, the controlled voltage Vcon is then compared 

with the periodic saw-tooth wave Vramp, to generate the 

switching signal q Є [1, 0] is described by  
 

If                                         

If                                          
 

The inductor current increases while the switch Sw is on i.e 

q=1 and falls while the switch S is off i.e. q=0.  
 

    If the current reaches zero value before the next clock 

cycle, the operation is said to be in DCM, else it is in 

CCM. The state equation that describes the dynamics of 

the buck converter can be written as 
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        (         )        
  

 

Where x = [x1 x2]
T
 = [v i]

T 
is the state vector and A’s and 

B’s are the system matrices. The state matrices and the 

input vectors of the converter are given by 
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The switching hyper surface (h) can be written as  
 

          
     

  
                        (  ) 

 

For discontinuous conduction mode, inductor current 

reaches zero before the next clock cycle. In this case, the 

state equation of the converter can be written as 
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 ̇ 
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However, VMC have a few disadvantages. Any change 

in input voltage will alter the gain and influence the 

system dynamics behaviour. VMC cannot correct any 

disturbance immediately until it is detected at the output 

since the disturbances are delayed in phase by the inductor 

and capacitor prior to the output. 
 

B. Current mode controller 

Another control scheme that is widely used for DC/DC 

converters is current mode control. Current-mode 

controlled dc-dc converters usually have two feedback 

loops: a current feedback loop and a voltage feedback 

loop. The inductor current is used as a feedback state. 
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Fig.6 Current-mode controlled DC/DC buck converter 

 

A current mode controlled dc-dc buck converter circuit is 

shown in Fig. 6. At the beginning of a switching cycle, the 

clock signal sets the flip-flop (q=1), turning on the 

(MOSFET) switch. The switch current, which is equal to 

the inductor current during this interval, increases linearly. 

The inductor current iL is compared with the control signal 

iref from the controller. When iL , is slightly greater than iref 

, the output of the comparator goes high and resets the 

flip-flop (q=0), thereby turning off the switch. The switch 

will be turned on again by the next clock signal and the 

same process repeated. 

The buck converter circuit operates at continuous 

conduction mode (CCM). Depending on the state of the 

switch, there are two circuit configurations, which are 

described by the following differential equations: 
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If the switch position is expressed with the switching 

function q , then  
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The control input signal is proportional to reference 

current iref. The reference current iref is a function of output 

of the controller to regulate the output voltage. The control 

voltage can be defined as, 
 

for P controller 
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for PI controller. 
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Hence the reference current can be written as      
    

  
 , 

where Rf is a proportionality factor. The voltage 

waveforms are scaled to equivalent current waveforms by 

the proportionality factor Rf.  

The state equation that describes the dynamics of the buck 

converter can be written as 
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Where x=[x1 x2]
T
 = [v i]

T  
is the state vector and A’s and 

B’s are the system matrices. 

The state matrices and the input vectors for the ON and 

OFF periods are 
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There are two types of current mode control(CMC) 

strategies. In both, the switch is turned on at the beginning 

of every clock period. In peak current mode control, the 

inductor current is compared with a reference current 

signal with a compensation ramp, and the switch is turned 

off when the two become equal. In the average current 

mode control, the inductor current is compared with a 

ramp waveform, and the switch is tuned off when iL< iref. 

It is turned on again at the next clock instant. Here a brief 

overview of peak current mode control scheme is 

described.  
 

C. Current Mode Control with Compensating Ramp 

Fig. 6 shows the waveform of inductor current of a 

switching converter operating in continuous conduction 

mode (CCM). The inductor current changes with a slope 

m1 during the first subinterval, and a slope –m2 during the 

second subinterval. The peak inductor current is controlled 

and the controlled method is therefore called peak current-

mode control. The current mode controller is unstable 

whenever the steady-state duty cycle is greater than 0.5, 

resulting in sub-harmonic oscillation. 

To avoid this stability problem, the control scheme is 

usually modified by adding an external ramp to the sensed 

inductor current waveform. Let the slope of compensating 

ramp is ma. When ma ≥ 0.5m2 ,then the controller is stable 

for all duty cycles. The relationship between the ramp, 

inductor and reference current is given in,  
 

                                                     (  ) 
 

Then, the control equation is given by 
 

            (       
 

  
)                              (  ) 

 

 
Fig.7 Peak current mode control 

 

Advantages of peak current mode control include 

Control of the peak inductor current, inherent peak current 

limiting and sharing, good dynamic performance, first 

order transfer function. Some of the main drawbacks of 

this control are the limited duty ratio, increased output 

impedance, sub-harmonic oscillation, noise sensitivity. 
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These problems are rectified by means of an artificial 

ramp signal either subtracted from the control signal or 

added to the inductor-current signal. 

 
 

Fig.8 Inductor Current waveform with compensating ramp 
 

IV. SIMULATION RESULTS 

The response of the buck converter in the voltage mode 

and current mode controller for various gain parameters 

has been obtained using the MATLAB/Simulink and 

shown in Fig. 9 & 10. 
 

V. CONCLUSION 

DC/DC buck converters with voltage mode control and 

peak current mode controllers are simulated in this paper. 

The simulation results show the validity of the peak 

current mode controlled buck converter model and the 

robustness of this control technique against changes in the 

load or variations in the input voltage. Therefore the 

LPCMC control method shows better dynamics for 

changes in input voltage and load compared to the PWM 

voltage-mode method. It can be seen that the LPCMC 

control method can well regulate the output voltage even 

in large range of load and line variation. 
 

 

Fig.9 Closed loop simulink model VCM & LPCMC of 

buck converter 

 
Fig.10 Waveforms of output response for changing the 

load 
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