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Abstract: Dc-Dc converters are electronic power circuits that convert a voltage of Dc to another voltage level of Dc. These 

circuits are often referred to as switching power supplies or switchers. The mathematical modeling of basic boost converter 

circuit is defined in this paper. High-quality, low or light weight, strong and effective control supplies are needed for cutting 

edge electronic frameworks. Linear power controllers working on the basis of a voltage or current divider are inefficient since 

they are limited to output voltages lower than the input voltage and also have a very low power density. In their active (linear) 

modes, linear regulators are bringing operated, but switching regulators are used at higher power levels. In turn-on and turn-

off states, switching regulators use power-electronic semiconductor switches. There is a slight power loss in these states due 

to this, but switching regulators can achieve high efficiencies in energy conversion. It is possible to operate modern electronic 

power switches at high frequencies. The size of transformers, filter inductors and capacitors is reduced at the higher operating 

frequency, along with enhancements in the dynamic characteristics of converters with increasing operating frequencies. The 

closed loop converter has been designed for the stepping up from 12V to 30V with switching frequency of 25KHz. 
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1. Introduction 

 

A boost converter is a DC to DC converter which is involved in stepping up voltage from its input. It 

basically consists of an inductor, output capacitor, diode and the load. The transistor and the diode are the 

semiconductor devices and the capacitor or the inductor are storage elements[1]. The capacitor is involved in 

reducing the ripple in the voltage.  The supply for the boost converters may be the sources from the solar panels, 

batteries, rectifier, DC generators. The output voltage of the DC -DC converter is greater than its input voltage. 

By being completely on or completely off, the transistor acts as a switch. In battery powered systems the cells or 

the batteries are stacked up in series to achieve higher voltage rates but it’s not possible to stack up batteries in 

many applications so in these areas the boost converters are modelled for these applications[9]. The converters 

are also used in hybrid electric vehicles and lighting systems where space is a constraint.[3] The basic switching 

operation of the converter is shown in Fig1.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 (a) Simple converter for dc-dc switching; (b) Equivalent switching; (c) Output voltage; 

Section II gives the implementation of boost converter, section III gives the details on closed loop control and 

compensation design, finally section IV gives the simulation results for the design. 

 

2. Implementation of boost converter 

 

The equation gives the average or dc component of the output voltage, as in equation 1 

 

 

The average value of the output voltage is controlled by adjusting the duty cycle D. The boost converter is 

shown in Fig 2. The boost converter is a switching converter which operates at regular intervals by opening and 
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closing an electronic switch[7]. When switch is closed during the operation, The diode is in reverse. The 

Kirchhoff voltage law around the path containing the source, inductor, and closed switch is given by the equation 

2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2: The boost converter. (a) Circuit; (b) The equivalent circuit for the closed switch; (c) The equivalent 

circuit for the open switch 

 

The rate of change of current is a constant, hence the current increases linearly when the switch is closed. The 

change in inductor current is computed from equation 3. 

 
The diode becomes forward biased when the switch is opened, and the equation for the switch 

is given equation 4, 

 

The net change in inductor current should be zero. Therefore 

 
Vo is given by equation 5, 

 

Output power is given by equation 6.  

 

The input power is shown in equation 7 

 
Equating input and output powers as in equation 8, 

 

Maximum and minimum inductor currents are determined by using the average value and the 

change in current from 9 and 10, 

 

 

In order to have continuous inductor current Imin positive as in equation 11. 

 

The minimum combination of inductance and switching frequency for continuous current in the 

boost converter is therefore given by equation 12. 

 

 

 

 

3. Closed loop controland compensation design 
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In order to provide good noise immunity and optimum flexibility in the selection of inductor values and 

capacitor types, the voltage regulators use a PWM voltage mode control system with external loop 

compensation. The switching frequency can be configured from 25KHz to above 1.5MHz to provide the ability 

to customize the configuration in terms of size and efficiency. The parameters of the compensation network have 

to be properly calibrated to achieve the desired efficiency. Fig 3 shows a typical voltage-mode control and 

voltage-mode error-amplifier synchronous boost converter with error amplifier.[4] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3: Typical synchronous boost converter 

 
The boost converter is designed with three basic blocks, Power stage (Gp(s)), PWM generator is, the 

compensator block (H(s)) consisting of the error-amplifier as shown in fig 4[11]. 

 

 

 

 

Fig 4: The synchronous boost converter block diagram. 

 
To obtain the equation as below, the transfer function of the PWM generator and the power stage are 

combined as in 13. 

 

 

Where the transfer function of the power stage is as in 14:  

 

 

 

 

 

Fig 5 displays the Bode plot of the power stage with a slope of -40dB/dec., The double pole causes the gain 

to fall to the zero frequency that compensates for one of the Zero[8] 
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Fig 5: The Bode plot of the boost converter's power stage. 

 

The system's loop gain is the product of transfer functions along the loop of the closed power. The loop gain, 

therefore, is given by equation 14. 

 

 

There are three types of compensation depending on the crossover and power stage frequencies[5]. The type 

of compensation is choosen based on the table given below. For applications where the zero frequency induced 

by the output capacitor and its ESR (FESR) is lower than the closed loop bandwidth (F0)[10], as shown in table 

1 above, type II compensation is used. Fig 6 displays the diagram of the Type II compensator. 

 

 

Table 1 : The type of compensation and zero crossover frequency position 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig6:Type II compensator 

The following equation 16 gives the transfer function of the compensator. 

 

 

 

As given below, the compensator has a pole at the origin 

Compensator Type Relative location of the 

crossover and power-stage 

frequencies 

Type II (PI) FLC  < FESR < F0  < FS/2 

Type III-A (PID) FLC  < F0  < FESR< FS/2 

Type III-B (PID) FLC  < F0  < FS/2 < FESR 
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and another pole and one zero as in equation 17 and 18. 

 

 

 

The phase of the loop must never be 360º/0º and the phase at crossover frequency should be at least 45º[6] in 

order to provide a stable device. The compensator has one pole at origin and the other is given by equation 18, 

the zero of the compensator should be located at a frequency lower than the double poles of the LC as in 

equation 19, filter to ensure that the loop phase does not drop near 0º. 

 

 

It is important to position the second pole in equation 20, of the compensation network at a 

higher value than the cross-over frequency, so that its phase is not less than 45º. 

 

The transfer function from the error amplifier output to the output voltage is provided by by 

equation 21 

 
 

And RC1 is found by solving the transfer function and is given in the below equation 22 

 

 

 

As Fz1 was chosen and Rc1 is determined, it is possible to 

calculate Cc1 as in 23 

 

 

Similarly, CC2 can be calculated as in 

equation 24 

 

 

 

 

 

4. Results and discussion 

 

The boost converter has been designed for the following specifications. Vin = 12V, Vout = 30V, the load is a 

resistance of 50 ohm, switching frequency is at 25 kHz.The duty ratio is D = 0.6. The minimum inductance for 

continuous current is determined is Lmin= 96μH. To provide a margin for continuous current to be ensured, let 

L = 120 μH. 

Imax = 1.5 + 1.2 = 2.7 A 

Imin = 1.5 – 1.2 = 0.3 A 

Fesr = 2.25KHz 

Fo = 2.5KHz 

Fz1 = 1.56KHz 

Fp2 =  12.5KHz 

Rc1 = 31.5Kohm 

Cc1 = 3.28nF 

Cc2 = 404Pf 
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Fig 7: Boost converter schematic in LTspice 

 

 

Fig 7 shows the complete schematic of the boost converter which has been simulated in LTSpice. It includes 

the compensation network as well. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 8: Compensation Network 

 

Fig 8 represents the compensation network where one of the input to error amplifier is from the output of the 

power stage and the other voltage is set to 0.7V which is the reference voltage to error amplifier. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 9: PWM generator 

 

Fig 9 is the PWM generator. It takes one of the inputs from the error amplifier and other input is the sawtooth 

voltage whose peak amplitude is 5V which is involved in generating the duty for MOSFET. 
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Fig 10 shows the output of the boost converter whose value has been stepped up to 30V and Fig 11 represents 

the charging and discharging of the inductor over the duty Cycle. Fig 12 gives the output of the resistor divider 

network whose value is adjusted to 0.7V to match with the reference voltage which is one of the input to error 

amplifier. 

 

 
Figure 10: Output of Boost converter 

 
Fig 11: Charging and Discharging of Inductor. 

 

 



 Turkish Journal of Computer and Mathematics Education    V ol.12 No.12 (2021), 2321-2329                                                                                   

                                                                                                                            Research Article                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

2328  

 
Fig 12: Output of resistor divider network. 

 

5. Conclusion 

 

It is evident from the results obtained that the boost converter raises the voltage from 12 to 30 volts in 

accordance with the parameters previously obtained, satisfying the desired output voltage specifications of 30 V 

at a frequency of 25 kHz. This mathematical modelling of boost converter design has met all of the requirements 

specified previously. Simulations of LTSpice using measured parameters have been carried out and 

corresponding waveforms have been obtained. With a maximum output ripple of 1 percent, the output voltage 

around the output capacitor is 30V. An additional constraint needs to be imposed on the load, however, boost 

converter simulations have been carried out and it has been observed that the output voltage of varying duty 

cycles often varies. 
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