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Abstract— This paper deals with the Ziegler Nicholas 

method which is one of the routine to reduce the non-

linearities in the response of a DC-DC converter. A 

controller is used along with the converter to reduce the 

deviation of the observed output from the desired set value. 

The two main parameters that have been used here to assess 

the performance of the converter as well as the controller is 

the settling and rise time of the output. These values need to 

be minimized to achieve a higher efficiency, improved 

phase margin and loop bandwidth. In this paper, a PID type 

of controller is described using the Ziegler Nicholas (ZN) 

method for tuning which improves the dynamic response of 

the DC-DC Buck type of converter under load and input 

variations. It is found through the simulation results that the 

proposed method is having a rise time of 1.3ms, settling 

time of 2.5ms and overshoot of 0.0096%. The variations in 

the response on account of the input and load variations are 

also minimal in the discussed method which could be 

neglected.                               
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I. INTRODUCTION 

A DC-DC converter plays a very significant role in most of 

the portable devices like cellular phones, solar cells, motors, 

drivers and laptop. Such electronics devices generally 

contain several sub-circuits, each having different voltage 

level requirements (sometimes higher or lower than the 

supply voltage)[1]. In some of the cases the power 

requirement range is of kW as in electric vehicles and mW 

in case of cell phones. Here comes the role of a DC-DC 

converter used to level up or down the applied input supply 

voltage or current signals. Depending upon the operations 

performed by these converters, they can be broadly divided 

into two types: Buck converter or Boost Converter. The 

buck converter is used where the input voltage needs to be 

lowered down. As the name suggests itself, the boost 

converters are used to boost or raise the input voltage.  

The DC-DC converter of Buck type id discussed 

here in detail with the help of its simulation model and its 

response. The main issue with the response of the converter 

is the fluctuations in the output because of the non-

linearities in the circuit and supply [2]. To minimize the 

fluctuations in the response, a controller sub-circuit is also 

used along with the main converter circuit. This controlling 

stage aims to monitor and nullify the variations in the output 

caused due to several reasons. The controller which has 

been chosen in this paper is a PID controller which is the 

most commonly used type of control process in most of the 

industries.  

A proportional integral and derivative (PID) 

controller basically works on a control feedback mechanism 

that senses the output variations and performs accordingly in 

the desired direction to settle the output as quickly as 

possible. A PID controller first calculates the difference 

between the observed output and the desired output to 

calculate the error coefficient. After calculating the error 

coefficient, the three control parameters are used to 

minimize it. These three control parameters are the 

proportional constant, the integral constant and the 

derivative control[4]. Variations in the vales of these control 

parameters are used to achieve more stable static and 

dynamic responses. The proportional term denotes the 

present error in the system, I depend on the accumulation of 

the past errors and D is used to estimate the future error as 

per the rate of current rate of change. A number of 

techniques are used for tuning the PID controllers to 

determine the values of the control parameters[6]. Ziegler 

Nicholas method is one of the available ways used for 

tuning the circuit which is not much discussed in literature 

so far. This paper aims at discussing the basic features, 

importance and advantages of the method with a detailed 

discussion and simulations results. 

II. SIMPLE BUCK CONVERTER 

A Buck converter is basically a voltage down or current up 

converter that uses two switches which may be a diode, 

inductor and a load[1]. In a simple buck converter, the 

current through the inductor is controlled using the 

switching time of the two switches. A simple buck converter 

realized in MATLAB Simulink is shown in fig 1. 

 
Fig. 1: Simulink model of a DC-DC Buck converter 

The working of the above shown model can be 

explained in two parts. Initially S1 which is a MOSFET 

switch is turned OFF. At any instant when this switch is 

turned ON, then the current through the circuit starts to flow 

through the RL branch, capacitor and the resistive load. As 

the current rises slowly due to the presence of the inductor 

in the path which also results in the storage of energy in the 

inductor. In the next section when this switch S1 is turned 

OFF, the current in the circuit still continues to flow through 

the circuit because of the stored energy in the inductor. This 

current tends to decrease slowly until S1 is turned ON again 

for the next cycle. The average value of the voltage across 

the load is always less than the applied DC voltage source in 

such cases and thus called the Buck converter. The open 

loop response of the Simulink model of the circuit is shown 

in fig.2 
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Fig. 2: Simulink open loop response of Buck converter 

Here in this paper, MOSFET has been used as 

switch because of the several advantages over other 

available switches like its small component’s size, decrease 

power losses and higher efficiency. A small signal function 

of the controller is needed to maintain the output voltage 

constant irrespective of the variations in the input or load. 

The small signal ac model of a Buck converter is obtained 

using the state space averaging technique. The model may 

be represented as 
    ( )
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The transfer function of the open loop Buck 

converter with the numerical values substituted in equation 

(1) is given as follows 
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III. PID CONTROLLER 

The Simulink schematic of Buck converter with analog PID 

controller is shown in fig.3. 

 
Fig.3. Closed loop PID controller for Buck converter 

The output voltage Vout is feed backed and 

compared with the reference voltage Vref to produce an error 

signal. The error signal will be sent to a PID controller 

which would vary the duty cycle of the saw tooth waveform. 

The PID controller has three parameters namely KP, KI and 

KD. the three terms works independently and can take any 

real values which could be calculated by different methods 

for tuning PID controllers out of which Ziegler Nicholas 

method has been discussed here[9].  

A. ZN Method 

Tuning any PID controller is quite simple if the 

mathematical model of the plant which needs to be 

controlled has been provided[5]. It is possible to apply the 

design techniques in determining the control parameters 

namely the KP, KD and KI which will meet the transient and 

steady-state specifications of the closed loop system. 

However, if the plant or the main process is so complicated 

that it is difficult to realize its mathematical model then an 

experimental approach rather than any analytical method is 

used to design the PID controller. This process of selecting 

the values for the control parameters to meet the desired 

performance of the system is called the controller tuning.  

Ziegler and Nicholas suggested few rules for tuning the PID 

controller using this experimental approach when the 

mathematical model of the system is not provided. This 

method is based on the value of KP that results in marginal 

stability when only proportional control action is used. A 

simple block model showing the basic structure of any PID 

control is shown below 

 
In this method, first of all the integral and 

derivative controls are deactivated by setting KI=∞ and 

KD=0. Only the proportional control is operating and the 

value of proportional coefficient KP is increased from 0 to a 

critical value KC. At this critical value KC, the system 

becomes marginally stable and produces sustained 

oscillations. If the system does not shows the sustained 

oscillations for any critical value of the proportional 

constant then this method cannot be applied for tuning of the 

controller. 

Type of controller KP KI KD 

P 0.5KC ∞ 0 

PI 0.45KC 

 

   
   0 

PID 0.6KC 0.5TC 0.125TC 

Table 1: ZN tuning rule based on critical gain KC and 

critical period TC 

According to the ZN method, the control 

parameters can take the following values as per the formulas 

given in the table.1. 

The PID controller tuned by this method gives the following 
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Thus, the PID controller has a pole at the origin and double 

zero at s=-4/TC. 

If the system is provided with a known 

mathematical model or transfer function, then root locus 

method can also be used to find the critical gain KC and 

frequency of sustained oscillation wC. Here, the PID 

controller parameters for the given input and output voltage 

requirements are found to be KP=14.8, KI=0.5 and 

KD=0.0001845. With these parameters the overall transfer 

function of the Buck converter is calculated as 

   
                    

                                  
  (4) 

IV. RESULT AND DISCUSSION 

The time response curve for the step input is shown in fig.4. 
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Fig. 4: Simulink response of the Buck converter using PID 

controller 

The above response is compared to the basic 

response of the DC-DC Buck Converter shown in fig 2.2. It 

is clear from the comparison that the response of the 

converter can be improved using a PID controller. The basic 

performance parameters that are used to examine the 

efficiency of the response are its settling and rise time. 

V. CONCLUSION 

PID is the most commonly used controller used in the 

industrial process because of assured stability, reliability and 

stability on account of precise mathematical model. These 

controllers are the most suitable of all the available 

controllers for linear systems. As per the simulation result 

shown in this paper, for the given circuit of DC-DC 

converter that uses PID controller will have an improved 

response having settling time of 2.5ms, rise time of 1.3 ms 

and peak overshoot of 0.0096%.  
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