
ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY 
 

EC8452 ELECTRONICS CIRCUITS-II 
 

5.5 .1.Buck Converter:  

  

 

5.5.1 Buck Converter Circuit 

(Source: Electronic Circuit Analysis- K.LalKishore, Page-225) 

Many a times in the electronics world we find the need to reduce one DC 

voltage to a lower one. For example we may need to power a 3.3V microcontroller 

from a 12V supply rail. The solution is simple, we just add a 3.3V linear 

regulator IC like LD1117 with the 12V rail and it regulates the voltage down to 

3.3V. We have already learnt the working of Voltage regulators in our previous 

article.  

 Now, suppose we have to power an LED strip from the same 3.3V rail. LEDs 

easily consume around 20mA each, so a long strip would easily eat up an amp or so. 

If we calculate the power dissipated by the regulator: 

 

P = (Vin – Vout) * Iout 

 

The power dissipated comes out to be around 8.7 Watts! Now this is a LOT of 

power for a little linear regulator to dissipate. If we calculate the efficiency, which is 

just output power divided by the input power, it comes out to be a pathetic 38%!. 

Normally Linear voltage regulators has very low efficiency compared with 

switching regulators.  

https://components101.com/regulators/d1117-fixedvariable-voltage-regulator
https://components101.com/articles/what-is-voltage-regulator-and-how-does-it-work
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Now we feel the pressing need to find something that can step DC voltages 

down and do it efficiently! 

Introduction to Buck Converters 

Luckily such a device already exists, and it’s called a buck converter or step down 

voltage regulators. It’s a type of DC-DC converter, so it accomplishes the task using a few 

transistor switches and an inductor. A typical buck converter circuit is shown in the above 

image.  It’s quite similar to a boost converter, but the placement of the inductor and 

transistor are switched. The switch shown in the above circuit will normally be a power 

electronics switch like MOSFET, IGBT or BJT. The switch will be switched (turned on 

and off) by using a PWM signal.    

The working of Buck converter is slightly similar to that of PWM ‘dimming’. 

We’ve all heard of lights being dimmed by a PWM signal. A small duty cycle means that 

the average voltage seen by the load is small and when the duty cycle is high the average 

voltage is high too.   

But average voltage is not what we need – a raw PWN signal oscillates between 

high voltage level and ground, something no delicate load (like the microcontroller) would 

like. Of course, connecting an RC filter to a square wave source renders the output clean. 

The voltage level of the filter depends on the duty cycle of the PWM signal – the higher 

the duty cycle the higher the output voltage.   

So now we have a clean output voltage. The below graph shows the raw PWM 

signal in blue color and the filtered outputs in red and violet color.     

 

5.5.2 PWM signal and filtered output signal 

(Source: Electronic Circuit Analysis- K.LalKishore, Page-225) 

https://components101.com/articles/boost-converter-basics-working-design'
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We could now simply use this as a buck converter, but there’s one major 

drawback –the resistor in the RC filter limits the current and wastes energy in the 

form of heat, which is no better than the linear voltage regulator example.  

To fix this problem, we turn to another type of voltage filter, the LC filter, 

which does the same job as the RC filter but replaces the R with an L, in other 

words the resistor with an inductor. The inductor resists changes in current and the 

capacitor resists changes in voltage, which results in the output being smooth DC. 

And now we have a converter that is capable of stepping down DC voltages and 

doing it efficiently. 

 Working of a Buck Converter 

The working of a buck converter can be broken down into a few steps. 

STEP – 1: 

The switch turns on and lets current flow to the output capacitor, charging it up. 

Since the voltage across the capacitor cannot rise instantly, and since the inductor limits 

the charging current, the voltage across the cap during the switching cycle is not the full 

voltage of the power source. 

 

  

STEP – 2: 

The switch now turns off. Since the current in an inductor cannot change suddenly, 

the inductor creates a voltage across it. This voltage is allowed to charge the capacitor and 
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power the load through the diode when the switch is turned off, maintaining current output 

current throughout the switching cycle. 

 

These two steps keep repeating many thousands of times a second, resulting 

in continuous output. 

  

Designing a Buck Converter 

STEP – 1 

Determine the input voltage and the output voltage and current. 

The duty cycle of the converter is given by: 

DC = Vout/Vin 

STEP – 2 

Determine the output power, that is, the product of the output voltage and 

current. This is also the input power, by the law of conservation of energy (though 

not exactly so – nothing is a hundred percent efficient!). 

STEP - 3 

Now divide the output power by the selected switching frequency in order to 

get the power transferred per pulse. 

Since it is easier to talk about inductors in terms of energy, we can assume 

now that the output power is simply the output energy per second. So if the output 

of our converter is 30 Watts, then we can say that the output energy is thirty Joules 

every second. 

STEP - 4 
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Now that we have the energy per pulse, we can calculate the inductance using 

the input current and the energy: 

L = 2E/I2 

Where E is the energy transferred per pulse and I is the square of the input 

current. 

Using the values of the inductance, frequency and duty cycle, we can now get 

to work building a simple boost converter. 

 Choice of Parts 

MOSFET 

Since the switch is on the high side, using an N channel MOSFET or an NPN 

bipolar wouldn’t work, unless we have a bootstrapped gate driver. Though this is 

possible, it is quite complicated. 

Using a P channel device in these circumstances would be recommended, 

they greatly simplify driving requirements, but remember that they turn on when the 

gate is low, so an inverted signal would be necessary. One can use the IRF5210, it 

has a decent on resistance of 60mΩ and a VDS of -100V,which should be plenty for 

most applications. However, there are many better devices available, the choice is 

entirely up to the designer based on the specific application. 

Remember to use a gate driver to reduce switching losses! 

 DIODE 

Since this diode does not have to handle very high voltages, rather high 

currents, it would be a good design choice to use a Schottky diode with a low 

forward voltage drop to keep things efficient. 

 CAPACITOR 

The capacitor value depends on the output voltage ripple and can be 

calculated using the capacitor equation, but generally a value between 100uF to 

680uF for low current applications should suffice.  Remember, the design process 

described here should not be treated as an expert rant, rather these are very simple 
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equations to get your first buck converter up and running. Again, regulation is a 

topic that has not been covered here. If you want to make a regulated buck 

converter, it is recommended to use a dedicated buck controller IC 

like LM2596 designed specifically for that purpose.  

 

5.5.2Boost Converter:  

 

5.5.3.Boost Converter 

(Source: Electronic Circuit Analysis- K.LalKishore, Page-235) 

A boost converter is one of the simplest types of switch mode converter. As 

the name suggests, it takes an input voltage and boosts or increases it. All it consists 

of is an inductor, a semiconductor switch (these days it’s a MOSFET, since you can 

get really nice ones these days), a diode and a capacitor. Also needed is a source of a 

periodic square wave. This can be something as simple as a 555 timer or even a 

dedicated SMPS IC like the famous MC34063A IC. 

 

As you can see, there are only a few parts required to make a boost converter. It is 

less cumbersome than an AC transformer or inductor. 

https://components101.com/regulators/lm2596-3a-step-down-voltage-switching-regulator
https://components101.com/ics/mc34063-buck-boost-converter-pinout-equivalent-datasheet
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They’re so simple because they were originally developed in the 1960s to 

power the electronics systems on aircraft. It was a requirement that these converters 

be as compact and as efficient as possible. 

The biggest advantage boost converters offer is their high efficiency – some 

of them can even go up to 99%! In other words, 99% of the input energy is 

converted to useful output energy, only 1% is wasted. 

Boost Converter Working:  

It’s time to take a really deep breath, we’re about to plunge into the depths of 

power electronics. I’ll say at the outset that it is a very rewarding field. 

To understand the working of a boost converter, it is mandatory that you 

know how inductors, MOSFETs, diodes and capacitors work. 

With that knowledge, we can go through the working of the boost 

converter step by step. 

STEP – 1 

Here, nothing happens. The output capacitor is charged to the input voltage minus 

one diode drop. 

 

  

STEP – 2 

Now, it’s time to turn the switch on. Our signal source goes high, turning on the 

MOSFET. All the current is diverted through to the MOSFET through the inductor. Note 

https://components101.com/articles/introduction-to-inductors
https://components101.com/articles/introduction-to-different-types-of-diodes
https://components101.com/articles/transistor-basics-types-and-working-in-circuits
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that the output capacitor stays charged since it can’t discharge through the now back-

biased diode. 

The power source isn’t immediately short circuited, of course, since the inductor 

makes the current ramp up relatively slowly. Also, a magnetic field builds up around the 

inductor. Note the polarity of the voltage applied across the inductor. 

 

  

STEP – 3  

The MOSFET is turned off and the current to the inductor is stopped abruptly. 

The very nature of an inductor is to maintain smooth current flow; it doesn’t like 

sudden changes in current. So it does not like the sudden turning off of the current. 

It responds to this by generating a large voltage with the opposite polarity of the 

voltage originally supplied to it using the energy stored in the magnetic field to 

maintain that current flow. 

If we forget the rest of the circuit elements and notice only the polarity 

symbols, we notice that the inductor now acts like a voltage source in series with the 

supply voltage. This means that the anode of the diode is now at a higher voltage 

than the cathode (remember, the cap was already charged to supply voltage in the 

beginning) and is forward biased. 

The output capacitor is now charged to a higher voltage than before, which 

means that we have successfully stepped up a low DC voltage to a higher one! 
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It  recommend that  go through the steps once again very slowly and understand 

them intuitively. These steps happen many thousands of times (depending on the 

frequency of the oscillator) to maintain the output voltage under load. 

  

Boost Converter Operation -  The Fine Points 

By now many of We have  already have questions about this oversimplified 

explanation. There was a lot left out, but it was worth it to make the working of the boost 

converter absolutely clear. So now that we have that understanding, we can move on to the 

finer details. 

1. The Oscillator. You can’t keep the MOSFET output switch on forever, no 

inductor is ideal – they have saturation currents. If we did keep the MOSFET switch on for 

any longer than a few hundred microseconds max, the supply will be short circuited and 

the inductor insulation burns off and the MOSFET goes bust and other nasty things 

happen. We use our knowledge of inductors to calculate the time required to reach a 

sensible current (one Amp, for example) and then configure the on time of the oscillator 

accordingly. This results in the inductor current waveform looking like a saw edge, hence 

the name sawtooth. 

 

2. The MOSFET itself. If you look closely, during step 3, the MOSFET sees a 

voltage that is the supply voltage plus the inductor voltage, which means that the 

MOSFET has to be rated for a high voltage, which again implies a rather high on 

resistance. Boost converter design is always a compromise between MOSFET breakdown 

voltage and on resistance. The switching MOSFET of the boost converter is always the 
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weak point, as I learned from cold, hard experience. The maximum output voltage of the 

boost converter is not limited by design but by the breakdown voltage of the MOSFET. 

3. The inductor. Obviously, just any old inductor   won’t work. Inductors used in 

boost converters should   be able to withstand the high currents and have a highly 

permeable core, so that the inductance for a given size is high. 

  

Boost Converter Operation 

There is yet another way of thinking about the operation of a boost converter. 

We know that the energy stored in an inductor is given by: 

½ x L x I2 

Where L is the inductance of the coil and I is the maximum peak current. 

So we store some energy in the inductor from the input and transfer that same 

energy to the output though at a higher voltage (power is conserved, obviously). This 

happens many thousands of times a second (depending on the oscillator frequency) and so 

the energy adds up in every cycle so you get a nice measurable and useful energy output, 

for example 10 Joules every second, i.e. 10 watts. 

As the equation tells us, the energy stored in the inductor is proportional to the 

inductance and also to the square of the peak current. 

To increase output power our first thoughts might be to increase the size of the 

inductor. Of course, this will help, but not as much as we think! If we make the inductance 

larger, the maximum peak current that can be achieved in a given time decreases, or the 

time taken to reach that current increases (remember the basic equation V/L = dI/dt), so the 

overall output energy does not increase by a significant amount! 

However, since energy is proportional to the square of the maximum current, 

increasing the current will lead to a larger increase in output energy! 

So we understand that choosing the inductor is a fine balance between inductance 

and peak current. 
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With this knowledge we can being to understand the formal method of designing a 

boost converter. 

Boost Converter Design 

STEP – 1 

To begin with, we need a thorough understanding of what our load requires. It is 

highly recommended (from experience) that if you attempt to build a boost converter at the 

beginning it is very important to know the output voltage and current independently, the 

product of which is our output power. 

STEP – 2 

Once we have the output power, we can divide that by the input voltage (which 

should also be decided) to get the average input current needed. We increase the input 

current by 40% to account for ripple. This new value is the peak input current. Also the 

minimum input current is 0.8 times the average input current, so multiply the average input 

current by 0.8. Now that we have peak and minimum current, we can calculate the total 

change in current by subtracting the peak and minimum current. 

STEP – 3 

Now we calculate the duty cycle of the converter, i.e. the ratio of the on and off 

times of the oscillator. 

Duty cycle is given by this textbook formula: 

D.C. = (Vout – Vin)/(Vout) 

This should give us a reasonable decimal value, above 0 but below 0.999. 

STEP – 4 

Now it is time to decide upon the frequency of the oscillator. This has been included 

as a separate step because the signal source can be anything from a 555 timer (where the 

frequency and duty cycle are completely under your control) or a fixed frequency PWM 

controller. Once the frequency is determined, we can find out the total time period by 

taking an inverse. Now the time period is multiplied by the duty cycle value to get the on 

time. 
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STEP – 5 

Since we have determined the on time, input voltage and change in current, we can 

plug those values into the inductor formula which has been rearranged a little: 

L = (V*dt)/dI 

Where V is the input voltage, dt is the on time and dI is the change in current. 

Don’t worry if the inductor value is not a commonly available one, use the closest 

standard value available. With a little tweaking, the system should work just fine. 

 Selection of Parts 

1. Switching Transistor 

It have  not mentioned the type since that is completely based on the application. Of 

course, the MOSFET is used in all applications these days, since they are very efficient, 

but there may be situations where a normal bipolar transistor may suffice because of 

simplicity. 

It might also be a good choice to look at the MOSFET datasheet and determine the 

input capacitance/gate capacitance. The lower this value is, the easier the driving 

requirements are. Anything below 3500pF is acceptable and moderately easy to drive. 

My personal choice would be the IRF3205, which has an on resistance of 8 

milliOhms and a breakdown voltage of 55V, with a manageable input capacitance of 

3247pF, besides being an easily available part. 

Also not mentioned in the schematic was a dedicated MOSFET gate driver. Again, I 

*highly* recommend using one. It’ll save you a lot of losses and time. My 

recommendation – the TC4427. It has two drivers in one DIP8 package, which can be 

paralleled easily for more drive current. 

 2. Output Diode 

Though this may seem trivial, at the currents we are dealing with (or sometimes 

voltage) the choice of diode plays a large role in efficiency. 

https://components101.com/mosfets/irf3205-pinout-datasheet
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Unfortunately the common 1N4007 won’t work, since it is too slow. Neither will the 

beefy 1N5408. I’ve tried both on designs that I worked on, both performed miserably since 

they were so slow. It’s not worth even trying. 

I use the UF4007, with the same voltage rating as the 1N4007 (1000V reverse). 

If you’re building a low voltage converter (say 3.3V to 5V) then the diode of choice 

would be a Schottky, like the 1N5822. 

  

5.5.3Buck Boost Converter :  

The buck boost converter is a DC to DC converter. The output voltage of the DC to 

DC converter is less than or greater than the input voltage. The output voltage of the 

magnitude depends on the duty cycle. These converters are also known as the step up and 

step down transformers and these names are coming from the analogous step up and step 

down transformer. The input voltages are step-up/down to some level of more than or less 

than the input voltage. By using the low conversion energy, the input power is equal to the 

output power. The following expression shows the low of a conversion. 

Input power (Pin) = Output power (Pout) 

For the step up mode, the input voltage is less than the output voltage (Vin < Vout). 

It shows that the output current is less than the input current. Hence the buck booster is a 

step up mode. 

Vin < Vout and Iin > Iout 

In the step down mode the input voltage is greater than the output voltage (Vin > 

Vout). It follows that the output current is greater the input current. Hence the buck boost 

converter is a step down mode. 

Vin > Vout and Iin < Iout 

https://components101.com/diodes/1n5408-power-diode-pinout-equivalents-datasheet
https://components101.com/1n4007-diode
https://components101.com/diodes/1n5822-schottky-diode
https://www.elprocus.com/dc-dc-converter-types/
https://www.elprocus.com/working-procedure-on-how-do-transformers-work/
https://www.elprocus.com/working-procedure-on-how-do-transformers-work/
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What is a Buck Boost Converter? 

It is a type of DC to DC converter and it has a magnitude of output voltage. It may 

be more or less than equal to the input voltage magnitude. The buck boost converter is 

equal to the fly back circuit and single inductor is used in the place of the transformer. 

There are two types of converters in the buck boost converter that are buck converter and 

the other one is boost converter. These converters can produce the range of output voltage 

than the input voltage. The following diagram shows the basic buck boost converter. 

 

5.5.5Buck Boost Converter 

(Source: Electronic Circuit Analysis- K.LalKishore, Page-245) 

Working principle of Buck-Boost Converter 

The working operation of the DC to DC converter is the inductor in the input 

resistance has the unexpected variation in the input current. If the switch is ON then 

the inductor feed the energy from the input and it stores the energy of magnetic 

energy. If the switch is closed it discharges the energy. The output circuit of the 

capacitor is assumed as high sufficient than the time constant of an RC circuit is 

high on the output stage. The huge time constant is compared with the switching 

period and make sure that the steady state is a constant output voltage Vo(t) = 

Vo(constant) and present at the load terminal.There are two different types of 

working principles in the buck boost converter.  

 Buck converter. And Boost converter. 

https://www.elprocus.com/buck-boost-converter-circuit-theory-working-applications/
https://www.elprocus.com/freewheeling-or-flyback-diode-circuit-working-functions/
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Buck Converter Working 

The following diagram shows the working operation of the buck converter. In 

the buck converter first transistor is turned ON and second transistor is switched 

OFF due to high square wave frequency. If the gate terminal of the first transistor is 

more than the current pass through the magnetic field, charging C, and it supplies 

the load. The D1 is the Schottky diode and it is turned OFF due to the positive 

voltage to the cathode. 

 

5.5.6.Buck Converter Working 

(Source: Electronic Circuit Analysis- K.LalKishore, Page-245) 

The inductor L is the initial source of current. If the first transistor is OFF by 

using the control unit then the current flow in the buck operation. The magnetic field 

of the inductor is collapsed and the back e.m.f is generated collapsing field turn 

around the polarity of the voltage across the inductor. The current flows in the diode 

D2, the load and the D1 diode will be turned ON. The discharge of the inductor L 

decreases with the help of the current. During the first transistor is in one state the 

charge of the accumulator in the capacitor. The current flows through the load and 

during the off period keeping Vout reasonably. Hence it keeps the minimum ripple 

amplitude and Vout closes to the value of Vs 

Boost Converter Working 

In this converter the first transistor is switched ON continually and for the second 

transistor the square wave of high frequency is applied to the gate terminal. The 

https://www.elprocus.com/schottky-diode-working-and-applications/
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second transistor is in conducting when the on state and the input current flow from 

the inductor L through the second transistor. The negative terminal charging up the 

magnetic field around the inductor. The D2 diode cannot conduct because the anode 

is on the potential ground by highly conducting the second transistor. 

 

Boost Converter Working 

By charging the capacitor C the load is applied to the entire circuit in the ON 

State and it can construct earlier oscillator cycles. During the ON period the 

capacitor C can discharge regularly and the amount of high ripple frequency on the 

output voltage. The approximate potential difference is given by the equation below. 

VS + VL 

During the OFF period of second transistor the inductor L is charged and the 

capacitor C is discharged. The inductor L can produce the back e.m.f and the values 

are depending up on the rate of change of current of the second transistor switch. 

The amount of inductance the coil can occupy. Hence the back e.m.f can produce 

any different voltage through a wide range and determined by the design of the 

circuit. Hence the polarity of voltage across the inductor L has reversed now. The 

input voltage gives the output voltage and atleast equal to or higher than the input 

voltage. The diode D2 is in forward biased and the current applied to the load 

current and it recharges the capacitors to VS + VL and it is ready for the second 

transistor. 
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Modes Of Buck Boost Converters 

There are two different types of modes in the buck boost converter. The 

following are the two different types of buck boost converters. 

 Continuous conduction mode. 

 Discontinuous conduction mode. 

Continuous Conduction Mode 

In the continuous conduction mode the current from end to end of 

inductor never goes to zero. Hence the inductor partially discharges earlier 

than the switching cycle. 

Discontinuous Conduction Mode 

In this mode the current through the inductor goes to zero. Hence the 

inductor will totally discharge at the end of switching cycles. 

Applications of Buck boost converter 

 It is used in the self regulating power supplies. 

 It has consumer electronics. 

 It is used in the Battery power systems. 

 Adaptive control applications. 

 Power amplifier applications. 

Advantages of Buck Boost Converter 

 It gives higher output voltage. 

 Low operating duct cycle. 

 Low voltage on MOSFETs 
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