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ELECTRONIC DEVICES AND CIRCUITS  

 
 
 
 
 
 

 

2.1 Rectifier 

• A rectifier is a device which converts a.c. voltage to pulsating d.c. voltage, using one or 

more p-n junction diode. 
 

2.1.1 Types of Rectifier Circuits 

• Using one or more diodes, following rectifier circuits can be designed. 

➢ Half wave rectifier (HWR)  

➢ Full wave rectifier (FWR) 

➢ Bridge rectifier(BR) 
 

2.2 Half Wave Rectifier 

• Half wave rectifier circuit uses only one diode. 

• During positive half cycle of input a.c. supply, diode conducts and we will get the output at 

load.  

• During negative half cycles of a.c, supply, there is no output at the load. 
 

2.2.1 Construction 

• This rectifier circuit consists of a.c. voltage source, rectifying element ( p-n junction diode) 

and resistive load , all are connected in series.  

• The circuit diagram is shown in the Fig. 2.1. 

 
Fig. 2.1 Half wave rectifier 

• To obtain the desired d.c voltage across the load, the a.c voltage is applied to rectifier circuit 

using suitable step-down transformer with necessary turns ratio. 

• The input voltage to the half wave rectifier circuit is a sinusoidal a.c voltage, having a supply 

frequency of 50 Hz and is given by 
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• The transformer decides the peak value of the secondary voltage.  

• If N1 are the primary number of turns and N2 are the secondary number of turns and Epm  is 

the peak (or) maximum value of the primary voltage and Esm  is the peak (or) maximum 

value of the secondary voltage then, 

 

• Rf represents the forward resistance of the diode. 

 

2.2.2 Operation 

• During the positive half cycle of secondary a.c voltage, terminal (A) becomes positive with 

respect to terminal (B).  

• The diode is forward biased and the current flows in the circuit almost full positive half cycle. 

This current is also flowing through load resistance RL hence denoted as load current iL. 

• During negative half cycle when terminal (A) is negative with respect to terminal (B), diode 

becomes reverse biased.  

• Hence no current flows in the circuit.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.2 Waveforms of Half wave Rectifier 

• Thus the circuit current, which is also the load current, is in the form of half sinusoidal 

pulses. 

• The load voltage, being the product of load current and load resistance, will also be in the 

form of half sinusoidal pulses.  

• The different waveforms are illustrated in Fig. 2.2. 
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2.2.3 Parameters of Half Wave Rectifier 

• Average D.C. Load Current (lDC) 

• Average D.C. Load Voltage (EDC) 

• R.M.S. Value of Load Current (IRMS) 

• D.C. Power Output (PDC) 

• A.C. Power Input (PAC) 

• Rectifier Efficiency (ƞ) 

• Ripple Factor (ɤ) 

• Peak Inverse Voltage (PlV) 

• Transformer Utilization Factor (TUF) 

• Voltage Regulation 

 

2.2.3.1 Average D.C. Load Current (IDC) 

• The average d.c value of alternating current is obtained by integration. 

• For finding out the average value of an alternating waveform, we have to determine the area 

under the curve over one complete cycle i.e. from 0 to 2π and then dividing it by the base 

2π. 

• Mathematically, current waveform can be described as, 

 

 
• As no current flows during negative half cycle of a.c, input voltage, i.e. between ωt = π to           

ωt =2π, we change the limits of integration. 

 
 

• Applying Kirchhoff's voltage law we can write, 

 
Where RS = Resistance of secondary winding of transformer.  
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2.2.3.2 Average D.C. Load Voltage (EDC) 

• It is the product of average D.C. load current and the load resistance RL. 

 

• Substituting value of IDC in the above equation 

 

• The winding resistance RS and forward diode resistance Rf are practically very small 
compared to RL. 

• (Rf  + RS)/RL is negligibly small compared to 1. So we get, 

 
 
2.2.3.3 R.M.S. Value of Load Current (IRMS) 

• The R.M.S means squaring, finding mean and then finding square root. Hence R.M.S. value 
of load current can be obtained as, 

 
2.2.3.4 D.C. Power Output (PDC) 

• The d.c. power output can be obtained as, 

 

• For half wave rectifier, we have IDC = Im / π 
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2.2.3.5 A.C. Power Input (PAC) 

• The a.c. power is given by, 

 

• For half wave rectifier, we have IRMS = Im / 2 

 
 

2.2.3.6 Rectifier Efficiency (ƞ) 

• The rectifier efficiency is defined as the ratio of D.C. output power to A.C. input power. 

 

• We know that, (Rf + RS) << RL . So we get the maximum theoretical efficiency of half wave 
rectifier as, 

 

• lf the efficiency of rectifier Is 40 % then what happens to the remaining 60 % power.  

• It is present in terms of ripples in the output which is fluctuating component present in the 

output. 
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2.2.3.7 Ripple Factor (ɤ) 

• It is seen that the output of half wave rectifier is not pure d.c, but a pulsating d.c. 

• The output contains pulsating components called ripples.  

• The measure of ripples present in the output is with the help of a factor called ripple factor 

denoted by ɤ. 

• Mathematically ripple factor is defined as the ratio of R.M.S. value of the a.c. component in 
the output to the average or d.c. component present in the output. 

 
• Now the output current is composed of a.c. component as well as d.c. component. 

 

• As per definition 

 

• This is the general expression for ripple factor and can be used for any rectifier circuit. 
 

2.2.3.7.1 Ripple Factor (ɤ) for half wave rectifier 

• Now for a half wave circuit, we have 

 

 

• This indicates that the ripple contents in the output are 1.211 times the d.c. component 
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2.2.3.8 Peak Inverse Voltage (PlV) 

• The Peak Inverse Voltage is the peak voltage across the diode in the reverse direction i.e., 

when the diode is reverse biased.  

• In half wave rectifier, the load current is ideally zero when the diode is reverse biased and 

hence the maximum value of the voltage that can exist across the diode is nothing but Esm. 

 
 

2.2.3.9 Transformer Utilization Factor (TUF) 

• The factor which indicates how much is the utilization of the transformer in the circuit is 

called Transformer Utilization Factor (TUF) 

 

• A.C. power rating of transformer = ERMS IRMS 

           

• D.C. power delivered to the load = IDC
2 RL 

              
 

• Neglecting the drop across Rf and RS we can write, 

 
• The value of T.U.F. is low which shows that in half wave rectifier circuit, the transformer is 

not fully utilized. 
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2.2.3.10 Voltage Regulation 

• The voltage regulation is defined as the change in the d.c output voltage as load changes 

from no load to full load condition. 

 

• Then voltage regulation is defined as, 

 

 
2.2.4 Advantages of Half Wave Rectifier 

• Only one diode is required 

• Circuit is easy to design 

• No centre transformer is necessary 
 

2.2.5 Disadvantages of Half Wave Rectifier 

• The ripple factor of half wave rectifier circuit is 1.21, which is quite high 

• The maximum theoretical rectification efficiency is found to be 40% which is very low. 

• TUF is very low showing that the transformer is not fully utilized. 

• To minimize the saturation, transformer size have to be increased which increases the cost 
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2.3 Full Wave Rectifier 

• The full wave rectifier conducts during both positive and negative half cycles of input a.c 

supply.  

• In order to rectify both the half cycles of a.c. input, two diodes are used in this circuit.  

• The diodes feed a common load RL with the help of a centre tap transformer.  

• The a.c voltage is applied through a suitable power transformer with proper turns ratio. 

• The full wave rectifier circuit is shown in the Fig. 2.3. 

 
Fig. 2.3 Full wave Rectifier 

2.3.1 Operation 

• Consider the positive half cycle of a.c input voltage in which terminal (A) is positive and 

terminal (B) negative.  

• The diode D1 will be forward biased and hence will conduct. 

• While diode D2 will be reverse biased and will act as an open circuit and will not conduct. 

• The diode D1 supplies the load current, i.e. iL= id1. This current is flowing through upper half 

of secondary winding. 

• The diode current and the load current are illustrated in the Fig. 2.4. 
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• During negative half cycle of a.c voltage, polarity reverses and terminal (A) becomes 

negative and (B) is positive.  

• The diode D2 conducts, being forward biased, while D1 does not, being reverse biased.  

• The diode D2 supplies the load current, i.e. iL= id2. Now the lower half of the secondary 

winding carries the current. 

• The diode current and the load current are illustrated in the Fig. 2.4. 

• It is noted that the load current flows in both the half cycles of a.c voltage and in the same 

direction through the load resistance.  

• Hence we get rectified output across the load.  

• The load current is sum of individual diode currents flowing in corresponding half cycles.  

• It is also noted that the two diodes do not conduct simultaneously but in alternate half 

cycles.  

• The output load current is still pulsating d.c and not pure d.c. 

 
Fig. 2.4 Waveforms for Full wave rectifier 

 



12 

 

2.3.2 Parameters of FWR 

• Average D.C. Load Current (lDC) 

• Average D.C. Load Voltage (EDC) 

• R.M.S. Value of Load Current (IRMS) 

• D.C. Power Output (PDC) 

• A.C. Power Input (PAC) 

• Rectifier Efficiency (ƞ) 

• Ripple Factor (ɤ) 

• Peak Inverse Voltage (PlV) 

• Transformer Utilization Factor (TUF) 

• Voltage Regulation 

 

2.3.2.1 Average D.C. Load Current (lDC) 

• The average d.c value of alternating current is obtained by integration. 

• For finding out the average value of an alternating waveform, we have to determine the area 

under the curve over one complete cycle i.e. from 0 to 2π and then dividing it by the base 

2π. 

• Mathematically, current waveform can be described as, 
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2.3.2.2 Average D.C. Load Voltage (EDC) 

• The d,c. load voltage is, 

 

• Substituting value of Im in the above equation 

 

• But as Rf & RS << RL hence (Rf & RS )/ RL << 1 

 
 

2.3.2.3 R.M.S. Value of Load Current (IRMS) 

• The R.M.S value of current can be obtained as follows. 

 

• Since two half wave rectifier are similar in operation we can write 

 
 

2.3.2.4 D.C. Power Output (PDC) 

• D.C. power output PDC= EDC IDC = IDC
2 RL  

• For full wave rectifier, we have IDC = 2Im / π 
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• Substituting value of Im  we get, 

 
 

2.3.2.5 A.C. Power Input (PAC) 

• The a.c. power input is given by, 

 

• Substituting value of Im we get, 

 
 

2.3.2.6 Rectifier Efficiency (ƞ) 

• The Rectifier Efficiency is given by 

 

• But  (Rf + RS) << RL,  
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2.3.2.7 Ripple Factor (ɤ) 

• As derived earlier, a general expression the ripple factor is given by 

 

• For full wave rectifier  

• Substitute the above values in ripple factor equation 

 
 

2.3.2.8 Peak Inverse Voltage (PlV) 

• The total peak voltage across diode is 2Esm. 

 
 

2.3.2.9 Transformer Utilization Factor (TUF) 

• In full wave rectifier, the secondary current flows through each half separately in every half 

cycle while the primary of transformer carries current continuously.  

• Hence TUF is calculated for primary and secondary windings separately and then the 

average TUF is determined. 

 

• Neglecting forward resistance Rf  of diode, Esm = ImRL 

 
• The primary of the transformer is feeding two half-wave rectifiers separately. 

 

• The average T.U.F for full wave rectifier circuit will be 
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2.3.2.10 Voltage Regulation 

• For a full wave circuit, 

 

• The regulation can be expressed as, 

 
 

2.3.3 Advantages of Full Wave Rectifier 

• The d.c load voltage and current are more than half wave. 

• No d.c current through transformer windings hence no possibility of saturation. 

• T.U.F. is better as transformer losses are less. 

• The efficiency is higher. 

• The large d.c power output. 

• The ripple factor is less. 

2.3.4 Disadvantages of Full Wave Rectifier 

• The PIV rating of diode is higher. 

• Higher PIV diodes are larger in size and costlier. 

• The cost of centre tap transformer is higher. 
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2.4 Bridge Rectifier 

• The bridge rectifier circuit is essentially a full wave rectifier circuit, using four diodes, forming 

the four arms of an electrical bridge and is shown in figure 2.5. 

• To one diagonal of the bridge, the a.c voltage is applied through a transformer and the 

rectified d.c voltage is taken from the other diagonal of the bridge. 
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Fig. 2.5 Bridge Rectifier 

2.4.1. Operation  

• Consider the positive half of ac input voltage.  

• The point A of secondary becomes positive. The diodes D1 and D2 will be forward biased, 

while D3 and D4 reverse biased. 

• The two diodes D1 and D2 conduct in series with the load and the current flows as shown in 

Fig. 2.6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                                               Fig. 2.6 Waveforms of bridge Rectifier 

• During negative hall cycle, the polarity of a.c voltage reverses hence point B becomes 

positive diodes D3 and D4 are forward biased, while D1 and D2 reverse biased.  
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• Now the diodes D3 and D4 conduct is series with the load and the current flows as shown in 

Fig. 2.6. 

• It is seen that in both cycles of a.c input, the load current is flowing in the same direction.  

• The waveforms of load current and voltage remain are shown in figure 2.6. 

 

2.4.2 Expressions for various parameters of Bridge Rectifier 

• The bridge rectifier circuit, being basically a full wave rectifier circuit. 

• All the derivations discussed previously for a full wave rectifier circuit using two diodes are 

applicable for a bridge rectifier circuit. 

• The relation between lm the maximum value of load current and IDC, IRMS remains same as 
derived earlier for the full wave rectifier circuit. 

 
• In each half cycle two diodes conduct simultaneously. Hence maximum value of Load 

current is, 

 
• The remaining expressions are identical to those derived for two diode full wave rectifier and 

reproduced for the convenience of the reader. 

 

• The transformer utilization factor is 0.812.  

• PIV rating of the diode is Esm 
 
2.4.3 Advantages of Bridge Rectifier 

• Power transformer of a small size and less cost may be used. 

• No centre tap is required in the transformer secondary. 

• The transformer gets utilized effectively 

• It is suitable for applications where large powers are required. 
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• It can be used for high voltage applications. 
 
2.4.4 Disadvantages of Bridge Rectifier 

• Use of four diodes 

• Due to 2Rf, this reduces the output voltage 

 

2.5 Comparison of Rectifier Circuits 
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2.6 Filter Circuits 

Definition of filter: 

• A filter circuit is one which removes the ac component present in the rectified output and 

allows the dc component to reach the load. 

 
Fig. 2.7 Rectifier and filter 

• It is seen that the output of a half wave or full wave rectifier circuit is not pure d.c. 

• But it contains fluctuations or ripple, which are undesired.  

• To minimize the ripple content in the output of rectifier, filter circuits are used.  

• These circuits are connected between the rectifier and load as shown in the Fig. 2.7. 

• An a.c input is applied to the rectifier.  

• At the output of the rectifier, there will be d.c and ripple voltage present, which is the input to 

the filter.  

• Ideally the output of the filter should be pure d.c. 

• Two components which are used in filter circuits are inductance and capacitance.  

• An inductor allows dc and blocks ac. A capacitor allows ac and blocks dc. 

• In a filter circuit, the inductance is always connected in series with the load. 

• In a filter circuit, the capacitance is always connected in parallel with the load. 
 

 2.6.1 Types of filter circuits 

• Capacitor filter (C Filter) 

• Inductor filter (or) Choke filter (L Filter) 

• L Section filter (or) LC Filter   

• π- Section Filter (CLC Filter) 

2.6.2 Capacitor filter (C Filter) 

 
Fig. 2.8 Block Schematic of capacitor filter 

 

• The block schematic of capacitor filter is shown in the Fig. 2.8.  

• Looking from the rectifier side the first element in filter is a capacitor. 
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2.6.2.1 Capacitor filter with Full Wave Rectifier 

• The capacitor filter used in full wave rectifier circuit as shown in the Fig. 2.9. 

 
Fig. 2.9 Capacitor input filter with Full wave rectifier 

 

• When power is turned on, the capacitor C gets charged through forward biased diode D1 to 

Esm, during first quarter cycle of the rectified output voltage.  

• In the next quarter cycle from π/2  to π the capacitor starts discharging through RL. 

• Once capacitor gets charged to Esm, the diode D1 becomes reverse biased and stops 

conducting. So during the period from π/2  to π  the capacitor C supplies the load current. 

• It discharges to point B shown in the Fig. 2.10  

 
Fig. 2.10 Waveforms of Capacitor input filter with Full wave rectifier 

 

• At point B, lying in the quarter π to 3π/2 of the rectified output voltage, the input voltage 

exceeds capacitor voltage, making D2 forward biased. This charges capacitor back to Esm at 

point C. 

• The time required by capacitor C to charge to Esm is quite small and only for this period, 

diode D2 is conducting.  

• Again at point C, diode D2 stops conducting and capacitor supplies load and starts 

discharging upto point D in the next quarter cycle of the rectified output voltage as shown in 

the Fig. 2.10. 

• At this point, the diode D1 conducts to charge capacitor back to Esm.  

• The diode currents are shown shaded in the Fig. 2.11. 

• When the capacitor is discharging through the load resistance RL both the diodes are non-

conducting. The capacitor supplies the load current. 
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Fig. 2.11 Operation of Capacitor input filter with Full wave rectifier 

• Expression for ripple factor of full wave rectifier circuit using a capacitor filter is given below. 

 
 
 

• The product CRL is the time constant of the filter circuit. 

• From the expression of the ripple factor, it is dear that increasing the value of capacitor C, 

the ripple factor gets decreased.  

• Thus the output can be made smoother, reducing the ripple content by selecting large value 
of capacitor. 

 

2.6.2.2 Advantages of C filter 

• Less number of components. 

• Low ripple factor hence low ripple voltage. 

• Suitable for high voltage at small load currents. 
 

2.6.2.3 Disadvantages of C filter 

• Ripple factor depends on load resistance. 

• Not suitable for variable loads as ripple content increases as RL decreases. 

• Regulation is poor. 

• Diodes are subjected to high surge currents hence must be selected accordingly. 

 



24 

 

2.6.3 Inductor filter with Full Wave Rectifier 

• In this type of filter, an inductor (choke) is connected in series with the load.  

• The inductor opposes change in the current. So, the ripple which is change in the current is 
opposed by the inductor and it tries to smoothen the output.  

• Consider a full wave rectifier with inductor filter which is also called choke filter.  

• Fig. 2.12 shows the circuit diagram while Fig. 2.13 shows the current waveform obtained by 
using choke filter with full wave rectifier. 

 
 
 
 
 
 
 
 

Fig. 2.12 Circuit diagram of Inductor filter  

 
 
 
 
 
 
 
 
 
 
 

Fig. 2.13 Output Voltage waveform of Inductor filter  
 

• In the positive half cycle of the secondary voltage of the transformer, the diode D1 is forward 
biased. Hence the current flows through D1, L and RL. 

• In the negative half cycle, the diode D1 is reverse biased while diode D2 is forward biased. 
Hence the current flows through D2, L and RL.  

• Hence, we get unidirectional current through RL.  

• Due to inductor L which opposes change in current, it tries to make the output smooth by 
opposing the ripple content in the output. 

• Expression for ripple factor of full wave rectifier circuit using an Inductor filter is given below. 

 
 
 
 

• So as load changes, ripple charges which is inversely proportional to the value of the 
inductor. 
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2.6.3.1 Advantages of series inductor (L) filter  

• The series inductor (L) filter reduces the ripple in the DC output of rectifier circuit.  

• It has low ripple factor at heavy load currents i.e. low load resistance.  
 
2.6.3.2 Disadvantages of series inductor (L) filter  

• It is bulky and more costly.  

• It gives low output DC voltage for larger value of inductance.  

• It has poor voltage regulation.  

• It has high ripple factor for light loads i.e. small load currents.  

 
2.7 Clipper Circuits (or) Limiters (or) Slicers 

• The circuits which are used to clip off unwanted portion of the waveform, without distorting 
the remaining part of the waveform are called clipper circuits or clippers. 

• A diode is most important element of any clipper circuit.  
 
2.7.1 Classification of Clippers 

• Series clipper 

• Parallel Clipper 
 
2.7.1.1 Series clipper 

• When the diode is connected in series with the load, it is called Series clipper.  

• A series clipper can be used to clip off the entire positive or negative half cycles of input 
waveforms.  

• It also can be used to clip off the portion above the certain reference voltage or below the 
certain reference voltage.  
 

2.7.1.2 Parallel (or) Shunt Clipper 

• When the diode is connected in parallel to the load, it is called Parallel Clipper. 
 
2.7.2 Types of Series clipper 

• Series Negative Clipper 

• Series Positive Clipper 

• Series Clipping Above Reference Voltage VR 

• Series Clipping Below Reference Voltage VR 
 
2.7.3 Series Negative Clipper Circuit 

 
                      Fig. 2.14 Negative series clipper 
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2.7.3.1 Operation: 

• Consider a circuit shown in the Fig. 2.14 where diode is connected in series with the load.  

• For a positive half cycle, the diode D is forward biased and hence the voltage waveform 
across RL looks like a positive half cycle of the input voltage.  

• While for a negative half cycle, diode D is reverse biased and hence will not conduct at all. 
Hence there will not be any voltage available across resistance RL.  

• Hence the negative half cycle of input voltage gets clipped off. 

• The input waveform and the corresponding output voltage waveform is shown in the Fig. 
2.15. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2.15 Input and Output waveforms 
 

2.7.4 Series Positive Clipper Circuit  

• It is similar to series negative clipper, a circuit which clipps off positive part of the input can 
be obtained.  

• The positive series clipper can be obtained by changing the direction of diode in negative 
clipper circuit. 

 
Fig. 2.16 Positive series clipper 

 

• The Fig. 2.16 shows positive series clipper circuit in which diode direction is opposite to that 
in negative series clipper circuit. 

 
2.7.4.1 Operation:  

• For positive half cycle of input, Vi > 0 and diode is reverse biased. Hence it acts as open 
circuit and Vo=0.  
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• For negative half cycle, when Vi <0, the diode conducts. The output voltage Vo available is 
same as input voltage.  

• Thus, entire negative half cycle of input is available at the output.  

• The output waveforms for sinusoidal input waveform is shown in the Fig. 2.17. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.17 Waveforms of series positive clipper 

 
 
2.7.5 Parallel (or) Shunt Clippers  

• In a parallel clipper circuit, the diode is connected across the load terminals.  

• It can be used to clip or limit the positive or negative part of the input signal, as per the 
requirement. 

2.7.5.1 Types of Parallel (or) Shunt clipper 

• Shunt Negative Clipper 

• Shunt Positive Clipper 

• Shunt Clipping Above Reference Voltage VR 

• Shunt Clipping Below Reference Voltage VR 
 
2.7.6 Parallel Clipper with Positive Clipping  

• The Fig. 2.18 shows the basic parallel clipper circuit in which diode D is connected across 

the load resistance RL. 

• The resistance R1 is current controlling resistance. 

 
Fig. 2.18 Basic parallel clipper 
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2.7.6.1 Operation:  

• During positive half cycle of the input Vi, the diode D becomes forward biased and remains 

forward biased for the entire half cycle of the input.  

• As RL is in parallel with diode no current flows through it and output voltage Vo = 0V as 

shown in the Fig. 2.19. 

 
Fig. 2.19 Operation during positive half cycle 

• During negative half cycle of input, the diode is reverse biased and acts as open circuit.  

• The entire current flows through RL as shown in the Fig. 2.20. 

 
Fig. 2.20 Operation during negative half cycle 

 

• Hence using potential divider rule i L
o

L 1

VR
V

R R
=

+
.  

• Thus, Vo α Vi and there exists straight line relationship between the input and output voltage.  

• The waveforms are shown in the Fig. 2.21. 

 
Fig. 2.21 Waveforms for parallel clipper 
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2.7.7 Clipping at two independent levels 

• This type of clipper combines a parallel negative clipper with negative bias (D2 and VR2) and 

a parallel positive clipper with positive bias (D1 and VR1).  

• Such a clipper circuit can clip at two independent levels depending upon the bias voltages.  

• Fig. 2.22 shows the circuit of a clipping at two independent levels. 

 
 

 

 

 

 

 

 

 

 

Fig. 2.22 Circuit diagram of a clipping at two independent levels 

 
2.7.7.1 Operation: 

• During the positive half cycle of the Input signal, the diode D1 is forward biased, while diode 

D2 is reverse biased.  

• Therefore, the diode D1 will conduct and will acts as a short circuit and the diode D2 will not 

conduct and will acts as an open circuit.  

• So, the voltage VR1 appears across output terminals. 

• During the negative half cycle of the Input signal, the diode D2 acts as a short circuit while 

the diode D1 as an open circuit. 

• So, the voltage VR2 appears across output terminals. 

• It may be noted that the clipping levels of the circuit be varied by changing the values of VR1 

and VR2.  

• If the values of VR1 and VR2 are equal, the circuit will clip both the positive and negative half 

cycles at the same voltage level.  

• In short, the operation of a clipping at two independent levels is given below. 
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2.8 Clamper Circuits  

• The circuits which are used to add a d.c. level to the a.c. output signal is called as Clamper 

circuits. 

• The capacitor, diode and resistance are the three basic elements of a clamper circuit.  

• The clamper circuits are also called d.c. restorer or d.c. inserter circuits.  

 

2.8.1 Clamping Circuit Theorem 

• Clamping Circuit theorem relates the area of the output waveform when diode conducts to 

the area of the output waveform when diode is OFF. 

• It states that, under steady-state conditions, the ratio of area in forward direction Af to that of 

reverse direction Ar of output voltage is equal to the ratio of diode forward resistance Rf to 

resistance R connected across diode. 

 

 

 

2.8.2 Types of Clampers 

• Depending upon whether the positive d.c. or negative d.c. shift is introduced in the output 

waveform, the clampers are classified as,  

a) Negative clamper  

b) Positive clamper 

 

2.8.3 Negative Clamper  

• A simple negative clamper which adds a negative level to the a.c. output is shown in the 

Fig. 2.23. 

• It consists of a capacitor C, the ideal diode D and the load resistance RL. 

 
Fig. 2.23 Negative clamper 

2.8.3.1 Operation:  

• During the first quarter of positive cycle of the input voltage Vi, the capacitor gets charged 

through forward biased diode D upto the maximum value Vm of the input signal Vi.  

• The capacitor charging is almost instantaneous, which is possible by selecting proper 

values of C and RL in the circuit.  
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• The capacitor once charged to Vm, acts as a battery of voltage Vm, as shown in the Fig. 

2.24. 

 
Fig. 2.24 Operation of Negative clamper during first quarter of positive cycle 

 

• Thus, when D is ON, the output voltage Vo is zero.  

• As input voltage decreases after attaining its maximum value Vm, the capacitor remains 

charged to Vm and the diode D becomes reverse biased.  

• Due to large RC time constant the capacitor holds its entire charge and capacitor voltage 

remains as Vc =Vm as shown in the Fig. 2.25. 

 
Fig.2.25 Operation of Negative clamper during negative half cycle 

 

• In the negative half cycle of Vi, the diode will remain reverse biased.  

• The capacitor starts discharging through the resistance RL.  

• As the time constant RLC is very large, it can be approximated that the capacitor holds all its 

charge and remains charged to Vm, during this period also.  

• Hence, we can write again that, 

Vo = Vi - Vc = Vi - Vm        for negative half cycle 
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2.8.3.2 Waveforms: 

• Assuming ideal diode, the input and output waveforms are shown in the Fig. 2.26. 

• The peak to peak amplitude of the input is 2 Vm. 

• Similarly, the peak-to-peak amplitude of the output is also 2 Vm.  

• Thus, the total swing of the output is always same as the total swing of the input, for a 

clamper circuit. 

 

 
Fig. 2.26 Negative clamper waveforms 
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2.8.4 Positive Clamper 

• By changing the orientation of the diode in the negative clamper, the positive clamper circuit 
can be achieved. 

• The circuit is shown in the Fig. 2.27. 

 
Fig. 2.27 Positive clamper 

 

2.8.4.1 Operation:  

• During the first quarter of negative half cycle of the input voltage Vi, diode D gets forward 
biased and almost instantaneously capacitor gets charged equal to the maximum value Vm 
of the input signal Vi with the polarities as shown in the Fig. 2.28. 

 
Fig. 2.28 Operation of Positive clamper during first quarter of negative half cycle 

 

• The capacitor once charged to Vm, acts as a battery of voltage Vm with the polarities as 
shown in the Fig. 2.28. 

• This is because RC time constant is very large hence capacitor holds its entire charge all 
the time. 

• Thus when Vi = Vm, the output voltage Vo is 2 Vm.  

• In the positive half cycle, the diode D is reverse biased.  

• The capacitor starts discharging through RL. 

• But due to large time constant, it hardly gets discharged during positive half cycle of V i. This 
is shown in the Fig. 2.29. 

 
Fig. 2.29 Operation of Positive clamper during Positive half cycle 
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• Hence, Vo = Vi + Vm 

 
2.8.4.2 Waveforms: 

• Assuming ideal diode, the input and output waveforms are shown in the fig. 2.30. 

 
Fig. 2.30 Positive clamper waveforms 

 

 

 


