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366 ■ Fvndomentols of Solid-Stole Lighting

The transistor, inductor, capacitor, and integrated circuit (IC) are 
connected in several different configurations known as SMPS topologies. 
Depending on the use of constant on-time and constant frequency control, 
various modulation schemes ha"e ibeen formulated. 1hey are all based on the 
modulation of current flowing in the inductor. 'Ilie controlling parameter in 
the Sl'v1PS circuits is the ratio of rime for which the transistor is on to the 
total time (on time+ off time) called the duty ,ytk. 

LEDs have a ,•ariety of forward voltages according to the color oflight emit­
ted. The forward voltage also depends on temperature and binning. Taking 
variations possible from all these factors into consideration, a value of the 
forward \'Oltage of LED can be in.dubitably decided such that this value will 
never be exceeded during operation. Once this ,•alue is resolute, the following 
three cases arise: (i) 1he supply voltage is always greater than LED forward 
voltage. Here, it is necessary to lower the supply voltage to the required value, 
and a buck converter serves the intent. (ii) The supply voltage is always less 
than the LED forward voltage. Here, the supply voltage must be increased to 
the desired value, and a boost converter is required. (iii) 'Il1e supply voltage is 
sometimes less and occ.,sionally greater than the LED forward voltage. Here, 
a buck-boost converter is used, serving both the. fi.mctions of (i) and (ii). 

Suppose we ha\'e a white LED with a forward voltage of3.2 Vat 350 mA. 
This forward voltage decreases with temperature and therefore this value 
(3.2 V) represents a maximum. Also, suppose four alkaline cells are used 
to operate the LED. 'Il1ese cells have a total voltage of 4 X 1.5 = 6.0 V when 
new and 4 x 0.9 = 3.6 V when old. Their total forward voltage lies in the 
range 3.6-6.0 V. Since this voltage is always higher than the LI�]) forward 
voltage, the converter to be used will have to decrease the supply voltage to 
the required amount. It is called a lnllk converter. 

Consider the case of two cells of total voltage 2 x 1.5 V = 3.0 V (maxi­
mum} and 2 X 0.9 V = 1.8 V (minimum) values_, used to drive the 3.2 V 
forward voltage drop LED. The supply voltage is always below the LED for­
ward voltage and therefore a converter to increase. the supply voltage, called 
the:: boost cr;nverter, is usc::<l. 

Suppose rhree cells are used for driving the LED of forward voltage 3.2 V. 
The total voltage available= 3 x 1.5 = 4.5 V(ma.ximum) and 3 x 0.9 = 2.7 V 
(minimum}. Obviously, the available supply voltage is now and again 
higher than the LED forward voltage and from time to time lower than it . 
• �Therefore, the converter will have to perform both the functions of decreas­
ing and increasing the voltage, that is, both bucking and boosting. Hence,
it is called a buck-boost converter. The necessity of a buck-boost converter is
felt because a fresh bartery has a nigher voltage bur an old battery has lower
\'Oltage than the rated value due to loss of a part of the \'Oltage by discharging.

21.6 Buck Converter 

'Il1e buck converter is a step-do,vn DC-to-DC converter (Figure 21.3). It 
takes the input voltage PiNPUT and decreases it to a lower voltage VouTPLTr· 
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