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Abstract 

 

The need to conserve energy has led to development of low power consuming devices. Out of many one such device is LED used 

for lightning purposes. The LED requires a specific amount of voltage and current depending upon the type, rating and amount of 

luminous intensity. This supply to LED is fed through the LED driver circuit comprising of DC to DC converter. The objective is 

to perform the comparative study on various types of DC to DC converters for LED driver unit and doing simulations and 

implementing practically. The target is to determine the converter circuit that suits best for necessary equipment. Here the desired 

equipment is a LED which are used in commercial as well as house hold lightning purposes. There are many kinds of ratings 

available out of which target power is 21W and according suitable supply voltage of 230V.With an array of LEDs, the main 

challenge is to ensure every LED in the array is driven with the same current. Placing all the LEDs in a series string ensures that 

exactly the same current flows through each device. MATLAB Simulation is used for the initial validation of the proposed scheme 

and for the selection of circuit parameters. Actual controller is implemented using AVR atmega32 microcontroller.  

Keywords: Buck & Boost DC –DC Converter, AVR ATMEGA 32, LED Driver 

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

In many technical applications, it is required to convert a set voltage DC source into a variable-voltage DC output. A DC-DC 

switching converter converts voltage directly from DC to DC and is simply known as a DC Converter. A DC converter is equivalent 

to an AC transformer with a continuously variable turns ratio. It can be used to step down or step up a DC voltage source, as a 

transformer. 

DC converters are widely used for traction motor control in electric automobiles, trolley cars, marine hoists, forklifts trucks, and 

mine haulers. They provide high efficiency, good acceleration control and fast dynamic response. They can be used in regenerative 

braking of DC motors to return energy back into the supply. This attribute results in energy savings for transportation systems with 

frequent steps. DC converters are used in DC voltage regulators; and also are used, with an inductor in conjunction, to generate a 

DC current source, specifically for the current source inverter. 

Along with the development of LED the research of its driving IC has also been greatly accelerated For the LED driver, the 

efficiency is one of the key specifications and dimming function is the important function of LED. The inductance determines 

whether the buck-boost converter is operated in continuous or discontinuous current mode. Capacitor is work as a filter by blocking 

the dc component and pass ac voltage. Generally, PWM dimming mode is the conventional selection, but this way will lead to low 

efficiency when the LED works under the low dimming condition. A bridge rectifier provides dc voltage from ac input source. 

The power MOSFT is switched at 50 kHz pulse width modulation. The power MOSFT duty cycle is determined by using current 

integral control algorithm to maintain constant output current and high power factor such that the LED lighting level can remain 

stable. 

Finally, the basic circuit description and calculation is shown in the each of the section which given below. The new high power 

LED driver with power efficient accurate output current control is also derived in the below section which present the simulation 

and experimental results. 
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II. DC-DC CONVERTER AND ITS APPLICATION 

There are three basic types of dc-dc converter circuits, termed as buck, boost and buck-boost. In all of these circuits, a power device 

is used as a switch. This device earlier used was a thyristor, which is turned on by a pulse fed at its gate. In all these circuits, the 

thyristor is connected in series with load to a dc supply, or a positive (forward) voltage is applied between anode and cathode 

terminals. The thyristor turns off, when the current decreases below the holding current, or a reverse (negative) voltage is applied 

between anode and cathode terminals. So, a thyristor is to be force-commutated, for which additional circuit is to be used, where 

another thyristor is often used. Later, GTO’s came into the market, which can also be turned off by a negative current fed at its 

gate, unlike thyristors, requiring proper control circuit. The turn-on and turn-off times of GTOs are lower than those of thyristors. 

So, the frequency used in GTO-based choppers can be increased, thus reducing the size of filters. Earlier, dc-dc converters were 

called ‘choppers’, where thyristor’s or GTOs are used. It may be noted here that buck converter (dc-dc) is called as ‘step-down 

chopper’, whereas boost converter (dc-dc) is a ‘step-up chopper’. In the case of chopper, no buck-boost type was used.  

With the advent of bipolar junction transistor (BJT), which is termed as self-commutated device, it is used as a switch, instead 

of thyristor, in dc-dc converters. This device (NPN transistor) is switched on by a positive current through the base and emitter, 

and then switched off by withdrawing the above signal. The collector is connected to a positive voltage. Now-a-days, MOSFETs 

are used as a switching device in low voltage and high current applications. It may be noted that, as the turn-on and turn-off time 

of MOSFETs are lower as compared to other switching devices, the frequency used for the dc-dc converters using it (MOSFET) 

is high, thus, reducing the size of filters as stated earlier.  These converters are now being used for applications, one of the most 

important being Switched Mode Power Supply (SMPS). Similarly, when application requires high voltage, Insulated Gate Bi-polar 

Transistors (IGBT) are preferred over BJTs, as the turn-on and turn-off times of IGBTs are lower than those of power transistors 

(BJT), thus the frequency can be increased in the converters using them. So, mostly self-commutated devices of transistor family 

as described are being increasingly used in dc-dc converters. 

III. DESIGN OF BUCK CONVERTER 

MOSFET L

D
C V

+

_

Vg

 
Fig. 1: 

The buck converter circuit has two modes of operation 

Mode 1: In the first mode the switch is on (closed). This causes all of the input voltage to be applied across the diode, D, causing 

it to be reverse biased. During the time the circuit is in this state, current builds up in the inductor increasing its stored energy. 

Hence, the output voltage is, 

Vo = Vi VL 

Manipulating this equation,           Vi = Lo
diL

dt
 + Vo = Lo 

ΔI

DT
₊ + Vo 

Mode 2:  When the switch is off (opened) the current that was stored in the inductor now flows through the diode, making the 

diode forward biased. There is no voltage at Vi, so, for the output, 

0 = 𝑉𝑜 + 𝐿𝑜
𝑑𝑖𝐿

𝑑𝑡
= 𝑉𝑜 − 𝐿𝑜

∆𝐼

(1 − 𝐷)𝑇
 

The increase in current when the switch is turned on, must be equal to the decrease in current when the switch is turned off, as 

there cannot be a net change in flux in the inductor. Therefore, 

ΔI₊ = ΔI₋ = ΔI 

Manipulating the equation in mode 1, we get 

ΔI₊ =  
𝑉𝑖−𝑉𝑜

𝐿𝑜
𝐷𝑇 

Manipulating the equation in mode 2, we get 

ΔI₋ = 
𝑉𝑜

𝐿𝑜
(1 − 𝐷)𝑇 

it follows that, 
𝑉𝑖−𝑉𝑜

𝐿𝑜
𝐷𝑇 = 

𝑉𝑜

𝐿𝑜
(1 − 𝐷)𝑇 

Vo = DVi 

Assuming an ideal circuit,                   Pin = Po 

ViIi = VoIo 
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Io = 
Ii

𝐷
 

So the output voltage, Vo, is determined by the duty cycle of the switch, S. Since the duty cycle is a ratio and always between 0 

and 1, it is clear that voltage on the output will always be less then Vi. There are, however, some disadvantages of using a switch 

mode converter. They can be quite noisy and suffer current ripple and voltage ripple. 

 Calculation Part:  

In the buck converter these are calculated in the following way: 

Ripple current ∆I :          T = 
1

𝑓
= 𝐷𝑇 + (1 − 𝐷)𝑇 

T = 
∆ILo

Vi−Vo
 +  

∆ILo

Vo
 

∆I = 
ViD(1−D)

fLo
 

Ripple voltage ∆V : 

∆V =  
ViD(1−D)

8LoCf2  

 Buck Converter Design 

A buck converter was chosen as the dc‐dc converter to be used in this project. It was chosen as the voltage, under most 

circumstances, would be greater the voltage required at the load. The purpose of the converter is to drive the solar panel to operate 

at its maximum power point by controlling the duty cycle of the switch, and to bring them to a low enough level to power the load. 

In designing the buck converter, the main components which had to be determined for the circuit are the inductor and the capacitor. 

A number of parameters have to be taken into consideration in choosing appropriate values for both circuit components. The input 

voltage was already specified from the output specifications of the 100watt LED. The output range was chosen to be between 5 

volts and 14 volts. 
Table - 1 

Voltage input range (Vi) 15.6-21V 

Voltage output range (Vo) 5-12V 

Switching frequency (fs) 10KHz 

Ripple current (∆I) 50mA 

Ripple voltage (∆V) 30mV 

For the buck converter   Vo = DVi  

Using this equation and the minimum and maximum voltage ranges we can deduce the ideal duty cycle range 

Dmin = 
Vomin

Vimax
 = 

5

21
 = 0.238 

Dmax =  
vomax

Vimin
 = 

12

15.6
= 0.769 

Rounding these numbers, the ideal range for the duty cycle is between 0.238 and 0.769. 

From the equation for current ripple described earlier we can determine the maximum and minimum values for the inductor. 

∆I =
ViD(1 − D)

fsLo
 

Lo =
ViD(1 − D)

∆Ifs

 

Lo max = 
(21)(0.769)(1−0.769)

(50)(10)
 = 7.46mH 

Lo min = 
(15.6)(0.238)(1−0.238)

(50)(10)
 = 5.65mH 

We found Inductor on the availability of 1mH. On testing in the laboratory it gave satisfactory results. Hence Inductor of 1mH 

is used in the final circuit. 

To choose an appropriate capacitor for the circuit the equation for voltage ripple ΔV 

Previously determined is used.  

∆V =  
ViD(1 − D)

8LoCfs2
 

C =  
ViD(1 − D)

8Lo∆Vfs2
 

C = 
(21)(0.769)(1−0.769)

(8)(7.46 𝑋 10−3)(200002)(30 𝑋 10−3)
 

C = 20.83 µF 

A 20.83μF was chosen for the converter circuit. For the switch a MOSFET was the chosen component as the gate of the MOSFET 

could be controlled by the duty cycle generated by the controller. 
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IV. DESIGN OF BOOST CONVERTER 

 
Fig. 2: 

 Continuous Conduction Mode: 

The key principle that drives the boost converter is the tendency of an inductor to resist changes in current. When being charged it 

acts as a load and absorbs energy (somewhat like a resistor); when being discharged it acts as an energy source (somewhat like a 

battery). The voltage it produces during the discharge phase is related to the rate of change of current, and not to the original 

charging voltage, thus allowing different input and output voltages.  

 Discontinuous Mode 

In some cases, the amount of energy required by the load is small enough to be transferred in a time smaller than the whole 

commutation period. In this case, the current through the inductor falls to zero during part of the period. The only difference in the 

principle described above is that the inductor is completely discharged at the end of the commutation cycle although slight the 

difference has a strong effect on the output voltage equation. The load current Io is equal to the average diode current (ID).The 

diode current is equal to the inductor current during the off- state. 
Table – 2 

Calculation Of Boost Converter 

Voltage input range (Vi) 5-12V 

Voltage output range (Vo) 15.6-21V 

Switching frequency (fs) 10KHz 

Ripple current (∆I) 50mA 

Ripple voltage (∆V) 30mV 

Load Resistance =
𝑉0

𝐼𝑜
 

Assuming Io to be 0.7A 

Load Resistance=
24

0.7
= 34.28 

Duty Cycle = 1 - 
Vi

Vo
 

Dmin = 1 -  
𝑉𝑜 𝑚𝑖𝑛

𝑉𝑖 𝑚𝑎𝑥
 

Dmin = 1 -  
5

21
 = 0.583 

Dmax = 1 -  
𝑉𝑜 𝑚𝑎𝑥

𝑉𝑖 𝑚𝑖𝑛
 

Dmax = 1 -  
12

15.6
 = 0.2307 

 

 Capacitor 

C =
Io∗ D

Fs∗∆Vo
 

Cout(max) =  
50X 10−3X0.2307

(10X 10−3)(30 X 10−3)
 = 38.45 mF 

 Inductor 

L =
Vin ∗ D

Fs ∗ ∆Io
 

Lo max = 
(21)(0.2307)

50𝑋 10−3  = 9.68mH 
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V. SIMULATION OF BUCK CONVERTER 

 
Output waveform of voltage and current For 10khz, L=7.46mH C=20.83µF 

 
Fig. 4.1.1: Output voltage waveform for 10KHz 

 
Fig. 4.1.2: output current waveform for 10KHz 
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 Simulation Result 

 For 10KHz 
Table - 4.1.1 

Power consumption for 10KHz 

Duty cycle (%) Voltage (Volt) Current (Amp) Power (W) 

10 2.5 0.1 0.25 

20 2.5 0.2 0.50 

30 2.5 0.3 0.75 

40 2.5 0.4 1.00 

50 8.0 0.5 4.00 

60 8.5 0.6 5.10 

70 8.5 0.7 5.95 

80 8.5 0.8 6.80 

90 8.5 0.9 7.65 

 For 20KHz 
Table - 4.1.2 

Power consumption for 20KHz 

Duty cycle (%) Voltage (Volt) Current (Amp) Power (W) 

10 5 0.1 0.5 

20 5 0.2 1.0 

30 5 0.3 1.5 

40 5 0.4 2.0 

50 5 0.5 2.5 

60 5 0.6 3.0 

70 5 0.7 3.5 

80 5 0.8 4.0 

90 5 0.9 4.5 

 For 30KHz 
Table - 4.1.3 

Power consumption for 30KHz 

Duty cycle (%) Voltage (Volt) Current (Amp) Power (W) 

10 2.1 0.1 0.21 

20 2.1 0.2 0.42 

30 5.5 0.3 1.65 

40 5.5 0.4 2.20 

50 5.5 0.5 2.75 

60 8.5 0.6 5.10 

70 8.5 0.7 5.95 

80 8.5 0.8 6.80 

90 11.5 0.9 7.65 

 For 40KHz 
Table  - 4.1.4 

Power consumption for 40KHz 

Duty cycle (%) Voltage (Volt) Current (Amp) Power (W) 

10 12 0.1 1.2 

20 12 0.2 2.4 

30 12 0.3 3.6 

40 12 0.4 4.8 

50 12 0.5 6.0 

60 12 0.6 7.2 

70 12 0.7 8.4 

80 12 0.8 9.6 

90 12 0.9 10.8 
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VI. SIMULATION OF BUCK CONVERTER 

 
Fig. 3: 

 Simulation Result  

 For 10KHz 
Table - 4.2.1 

Power consumption for 10KHz 

Duty cycle (%) Voltage (Volt) Current (Amp) Power (W) 

10 22 3.8 83.6 

20 22 3.8 83.6 

30 22 3.8 83.6 

40 22 3.8 83.6 

50 35 6.1 213.5 

60 35 6.1 213.5 

70 35 6.1 213.5 

80 35 6.1 213.5 

90 35 6.1 213.5 

 For 20KHz 
Table - 4.2.2 

Power consumption for 20KHz 

Duty cycle (%) Voltage (Volt) Current (Amp) Power (W) 

10 21 14 294 

20 21 14 294 

30 21 14 294 

40 21 14 294 

50 21 14 294 

60 21 14 294 

70 21 14 294 

80 21 14 294 

90 21 14 294 

 For 30KHz 
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Table - 4.2.3 

Power consumption for 30KHz 

Duty cycle (%) Voltage (Volt) Current (Amp) Power (W) 

10 21 3.6 75.6 

20 22 3.8 83.6 

30 12 2.0 24 

40 12 2.0 24 

50 12 2.0 24 

60 15 2.6 39 

70 15 2.6 39 

80 15 2.6 39 

90 12 2.0 24 

 For 40KHz 
Table - 4.2.4 

Power consumption for 40KHz 

Duty cycle (%) Voltage (Volt) Current (Amp) Power (W) 

10 12 1.9 22.8 

20 12 1.9 22.8 

30 12 1.9 22.8 

40 12 1.9 22.8 

50 12 1.9 22.8 

60 12 1.9 22.8 

70 12 1.9 22.8 

80 12 1.9 22.8 

90 12 1.9 22.8 

VII. HARDWARE IMPLEMENTATION 

 

VIII. RESULTS 

From the simulation results of BUCK & BOOST converter we were able to get the various power output by varying the switching 

frequency and duty ratio.   

According to the requirement of the LED in which the current is the most crucial criteria for selection. Hence by referring the 

results we can select the optimum switching frequency and duty ratio, on which we will have low current and maximum power 

output. The low current will correspond to the reduction in losses and increase in efficiency. 

 The hardware implementation of the same is been implemented for buck converter at constant switching frequency and duty 

ratio. The hardware analysis shows the results are satisfactory. 



Investigation and Performance Analysis of Dc-Dc Converter for High Efficiency Led Driver  
(IJIRST/ Volume 2 / Issue 12/ 078) 

 

 
All rights reserved by www.ijirst.org 452 

RFERENCES 

[1] M. Rico-Secades, A. J. Calleja, J. Ribas, E. L. Corominas, J. M. Alonso, J. Cardesin and J. Garcia-Garcia, “Evaluation of a Low-Cost Permanent Emergency 

Lighting Sys-tem Based on High-Efficiency LEDs,” IEEE Transactions on Industry Applications, Vol. 41, No. 5, 2005, pp. 1386-1390. 
doi:10.1109/TIA.2005.853389.  

[2] Y. Hu and M. M. Jovanovic "LED driver with self-adaptive drive voltage",  IEEE Trans.  Power Electron., vol. 23, no. 6,  pp.3116 -3125 2008.  

[3] M.C. Huang, Y. Chen, "Highly efficient self-oscillation boost DC/DC converter," United States Patent, Patent Number 6,597,155, 2003.  
J. Garcia, A. J. Calleja, E.L. Corominas, D.G. Vaquero, and L. Campa, "Interleaved Buck Converter for Fast PWM Dimming of High-Brightness LEDs," 

IEEE Trans. On Power Electronics, vol. 26, no. 9, pp. 2627-2636, 2011.  

[4] T. M. Anderson, F. Krismer, and J. W. Kolar, "A 4.6 W/mm2 power density 86% efficiency on-chip switched capacitor DC-DC converter in 32 nm SOI 
CMOS," in Proc. IEEE Appl. Power Electron. Conf. (APEC), Mar. 2013. 

[5] Y. Hu and M. M. Jovanovic, "LED driver with self-adaptive drive voltage," IEEE Trans. Power Electron., vol. 23, no. 6, pp. 3116-3125, Dec. 2008. 
[6] Spiazzi, G.; Buso, S.; Meneghesso, G.; , "Analysis of a High-Power-Factor Electronic Ballast for High Brightness Light Emitting Diodes," Power Electronics 

Specialists Conference, 2005. PESC '05. IEEE 36th , vol., no., pp.1494-1499, 16-16 June 2005. 


