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ABSTRACT 
 

This paper presents design and implementation of DC-DC Buck converter by using ATmega32 

microcontroller. The forward DC-DC converter is most widely used electronic circuits for its high conversion 

efficiency and flexible output voltage. These converters are designed to regulate the output voltage against 

the changes in the input voltage. Many existing and developing electrical and electronic technologies require 

the voltage of different levels that are supplied from an available source voltage. To control the output voltage 

of the converter, the controller is designed to change the duty cycle of the converter. In this converter, 

MOSFET switch is digitally controlled by ATmega32 microcontroller. The circuit is verified with hardware 

implementation. This paper focuses on the hardware design and implementation of forward converter using 

pulse width modulation with digital proportional integral controller. Generating multiple outputs for gate 

drive applications. 

Keywords. Buck Converter, forward converter, isolated converter, microcontroller, high frequency, 

Pulse width modulation and PI control. 

 

I. INTRODUCTION 

 

The forward converter is a DC/DC converter that 

uses a transformer to increase or decrease the output 

voltage (depending on the transformer ratio) and 

provide galvanic isolation for the load. With multiple 

output windings, it is possible to provide both higher 

and lower voltage outputs simultaneously. [1] 

 

The DC converter is a device, which transforms AC 

to DC. This device is also known as an AC to DC 

converter. A Chopper can be considered as a DC 

equivalent of an AC transformer with a convertible 

constant convertible in a continuous form. Like a 

transformer, the converter can be employed for 

stepwise increase or reduction of DC source Voltage. 
[2] 

The name Buck Converter most probably evolves 

from the fact that the input voltage is 

bucked/chopped or attenuated, in amplitude and a 

lower amplitude voltage appears at the output. [3] 

 

MOSFET switch produces a flow of current in the 

drain when a voltage is applied between the gate and 

source terminals. The gate of a MOSFET is composed 

of a silicon oxide layer. Since the gate is insulated 

from the source, an application of a DC voltage to 

http://ijsrcseit.com/
https://en.wikipedia.org/wiki/DC-DC_conversion
https://en.wikipedia.org/wiki/Transformer
https://en.wikipedia.org/wiki/Galvanic_isolation
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the gate terminal does not theoretically cause a 

current to flow in the gate, except in transient 

periods during which the gate is charged and 

discharged. In practice, the gate has a tiny current on 

the order of a few nano amperes. When there is no 

voltage between the gate and source terminals, no 

current flows in the drain except leakage current, 

because of a very high drain-source impedance. [4][11] 

 

The output voltage is sensed Vout and compared 

with the input voltage Vref then an error signal is 

produced which is processed through PI controller to 

generate a control voltage. The control voltage is 

used to feed to the PWM generator for control of 

switch. The PI controller has two parameters namely 

Kp and Ki. PI controller has transfer function. C(s) = 

Kp+ (Ki/S) 

 

Where, KP=Proportional gain and Ki= Integral gain. 
[5] 

The voltage mode control strategy is proposed by 

using pulse width modulation (PWM) with a 

proportional-integral (PI).[12] 

The PWM signals are generated by comparing the 

voltage of the output with the ADC value of 

ATmeg32 AVR microcontroller. [6] 

 

II. OPERATION CIRCUIT MODEL FOR 

FORWARD BUCK CONVERTER. 

 

The forward converter with multiple output 

windings is the simplest implementation for multi 

output power supply. Typical application area for 

this solution is the low power, low current, and 

multi-output power conversion where semi-

regulated output voltages are acceptable and noise 

requirements are significantly relaxed. [7] 

 

The primary side of the transformer is connected to 

the 24 volts DC supply. As the forward converter 

with multiple outputs is obtained because of the 

isolation of the transformer. The output is controlled 

by the primary side of the transformer of MOSFET 

switch. The MOSFET has to be switched at certain 

rate to get the output voltage of 10 volts this is done 

by taking a feedback. Based on the feedback voltage 

the output voltage of 10v is down converted (buck) 

for 2.5volts using voltage divider.  

 

The figure 1 shows the circuit diagram of the 

forward converter using digital PI controller by the 

ATmega32 microcontroller. 

 

 
Figure 1. schematic circuit diagram of a isolated 

forward buck converter with digital PI control. 

 

If the output voltage is to be of 10v, the 

microcontroller should have 2.5 volts of feedback. 

Taking that feedback from the output and giving it to 

a microcontroller. By comparing the feedback 

voltage with the reference voltage based on the error 

is given by, 

Error =Vref-Feedback 

Where, Vref is the reference voltage, feedback is 

from the output. 
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Where the input is operating at a switching 

frequency of 65 kHz. The pulse width is varying 

based on the error. If the error is positive the pulse 

width is decreased. If the error is negative the pulse 

width is increased to maintain the output voltage of 

10 volts dc as constant. 

 

As earlier discussed, the forward converter is having 

multiple outputs where one of the output is 

controlled but the other output will be automatically 

generated. Based on the PWM technique the pulse 

width is changing through gate drive and it is giving 

it to MOSFET. When the PWM is changed 

automatically MOSFET ON time and OFF time will 

be changing to give the supply voltage to the 

required voltage as the output. 

 

III. SCOPE 

 

 Design and modeling dc-dc converter (buck) 

using PWM to generate the pulse.[8] 

 Design of the PID controller and the system 

will operates in close loop or in other word has 

feedback to stabilize the system and the system 

is linear.[9] 
 Form stability analysis of the system.[10] 

 

IV. RESULT AND DISCUSSION 

 

The output of the isolated forward buck converter is 

obtained by varying the PWM in the controller. For 

the multiple output of the buck converter the 

MOSFET switch is turned ON and OFF by changing 

the PWM using ATmega32 AVR microcontroller. 

The output will be 10 volts DC (positive) and -5 

volts DC (negative) is obtained because of the 

isolation of the transformer. The multiple outputs 

are obtained. 

 

 

 

 

 

 

V. CONCLUSION 

 

The designing of forward converters has been carried 

out for constant voltage applications. The design 

concepts are validated and results are obtained. 

 

Forward converter will be highly stable with high 

efficiency. Better efficiency due to moderate duty 

cycles, lower voltage MOSFETs and reduced 

switching losses due to reduced peak-to-peak voltage 

swing. 
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