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Diode equivalent circuit

 An equivalent circuit is nothing but a combination of 
elements (R,L,C) that best represents the actual terminal 
characteristics of the device.

 it simply means the diode in the circuit can be 
replaced by other elements without severely 
affecting the behavior of circuit.



Diode equivalent circuit

Three models with increasing accuracy are listed below:

1. Piecewise-Linear Equivalent Circuit

2. Simplified Equivalent Circuit

3. Ideal Diode Model



1.Piece wise linear equivalent circuit

A technique for obtaining an equivalent circuit for a diode is to approximate the characteristics 
of the device by straight-line segments.



1.Piece wise linear equivalent circuit

It is clear that the piece-wise linear characteristics do not 
exactly represent the characteristics of diode, especially near 
the knee of the curve. However it provides a good first 
approximation to the actual characteristics of the diode. 
Piecewise linear characteristics can be obtained by replacing 
the diode in the circuit with a resistor, a battery and an ideal 
diode.



2.SIMPLIFIED EQUIVALENT CIRCUIT

The horizontal line indicates that the current flowing through diode is zero for voltages 
between 0 and 0.7 V.



2.SIMPLIFIED EQUIVALENT CIRCUIT

The battery simply indicates that it opposes the flow of current in 
forward direction until 0.7 V. As the voltage becomes larger than 0.7 
V, the current starts flowing in forward direction.



3. Ideal Diode Model

Figure indicates that the voltage drop across the diode is zero for any 
value of diode current. The ideal diode does not allow any current to 
flow in reverse biased condition



1. Ideal diode allows the flow of forward current for any value of 
forward bias voltage. Hence, Ideal diode can be modeled as closed 
switch under forward bias condition. This is shown in the figure.
2. Ideal diode allows zero current to flow under reverse biased 
condition. Hence it can be modeled as open switch. This is indicated 
in the figure.

3. Ideal Diode Model



Load Line Analysis



































Effect of temperature on PN diode 

characteristics:

Temperature on PN diode characteristics is very 

important consideration in the analysis or design of 

electronic devices or systems. It affects virtually all of the 

characteristics of a semiconductor device.

The variation may be determined from Eq. (7.20), where

the temperature is contained implicitly in VT and also in the

reverse saturation current I0.



At room temperature VT = 26 mV =

0.026 V

For germanium η = 1 and for silicon η =

2

So substituting the above values in the

expression for diode current we have
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The dependence of I0 on temperature T is, from Eqs. 
(7.19) and (7.21), given approximately as

where K is a constant and eVGO is the forbidden energy gap in 

joules



For silicon : η = 2; m = 1.5; VGO = 1.21 V

For germanium : η = 1; m = 2; VGO = 0.785 V

Taking the logarithm on both sides of Eq. (7.29), we have

Taking the derivative of the above equation we have
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At room temperature (300 K), from Eq. (7.30)

From experimental data it is found that reverse saturation current 

I0 increases 7 per cent per °C for both silicon and germanium. Since 

(1.07)10 ≈2.0,

the reverse saturation current approximately doubles for every 10°C rise in 

temperature.

Germanium is more temperature dependent than silicon because its

reverse saturation current is approximately 1,000 times larger.
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RECTIFIER









Half Wave Rectifiers
Definition: Half wave rectifier is that in which the half cycle of AC voltage gets 
converted into pulsating DC voltage. The remaining half cycle of AC is 
suppressed by rectifier circuit or the output DC current for remaining half cycle 
is zero.













Full Wave Rectifier
Definition: Full wave rectifier is the semiconductor devices which convert 
complete cycle of AC into pulsating DC.

Unlike half wave rectifiers which uses only half wave of the input AC cycle, 
full wave rectifiers utilize full wave. 

The lower efficiency drawback of half wave rectifier can be overcome by 
using full wave rectifier.













Definition: Bridge rectifier is formed by connecting four diodes in the 
form of a Wheatstone bridge. It also provides full wave rectification. 
During the first half of AC cycle, two diodes are forward biased and during 
the second half of AC cycle, the other two diodes become forward biased.

Full WAVE Bridge Rectifier







The bulky center tapped transformer is not required. Transformer utilisation 
factor is considerably high. Since the current flowing in the transformer 
secondary is purely alternating, the TUF increases to 0.812, which is the 
main reason for the popularity of a bridge rectifier

Advantages of bridge rectifier
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FILTERS



INDUCTOR FILTER

It shows that the ripple factor will decrease when L is 
increased and RL is decreased. Clearly, the inductor filter 
is more effective only when the load current is high (small 
RL).









Capacitor filter 

An inexpensive filter for light loads is 
found in the capacitor filter which is 
connected directly across the load
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CLAMPING CIRCUITS
The clamping circuit is often referred to as dc restorer or dc reinserter. 
In fact, it should be called a dc inserter, because the dc component 
introduced may be different from the dc component lost during 
transmission
Classification of clamping circuits 
Basically clamping circuits are of two types: 

(1) positive-voltage clamping circuits and

 (2) negative-voltage clamping circuit



Negative Clamper(positive peak clamper)

In negative clamping, the positive extremity of the waveform is fixed at the 
reference level and the entire waveform appears below the reference, i.e. the 
output waveform is negatively clamped with respect to the reference level



At -the end of the first quarter cycle, the 
voltage across the capacitor, vc = Vm
after the first quarter cycle, here is no path for 
the capacitor to discharge. Hence, the voltage 
across the capacitor remains constant at 
vc = Vm

after the first quarter cycle, the output is given 
by v0 = vi - Vm. During the succeeding 
cycles, the positive extremity of the signal will 
be clamped or restored to zero and the output



Suppose the amplitude of the input signal is decreased after the steady-
state condition has been reached. There is no path for the capacitor to 
discharge. To permit the voltage across the capacitor to decrease, it is 
necessary to shunt a resistor across C, or equivalently to shunt a resistor 
across D



Positive Clamper(negative peak clamper)
In positive clamping, the negative extremity of the waveform is fixed at the reference 
level and the entire waveform appears above the reference level, i.e. the output 
waveform is positively clamped with reference to the reference level.



When v, goes negative, the diode gets forward biased 
and conducts and in a few cycles the capacitor gets 
charged to Vm

Under steady-state conditions, the capacitor acts as a 
constant voltage source and the output is



To accommodate for variations in amplitude of input, the 
diode D is shunted with a resistor as shown in Figure 
2.74(a). When the amplitude of the input waveform is 
reduced, the output will adjust to its new value as shown 
in Figure 2.74(b)



Clamping Circuit 
Theorem

Fig 2 (a) A square wave input signal of peak-to-peak 
amplitude V, (b) the general form of the steady-state output of 
a clamping circuit with;' the input as in (a).

Fig :Clamping circuit considering the source resistance and 
the diode forward resistance



Clamping Circuit 
Theorem

The clamping circuit theorem states that, for any input 
waveform under steady-state conditions, the ratio of the area 
Af under the output voltage curve in the forward direction to 
that in the reverse direction Ar is equal to the ratio Rf/R



Clamping Circuit 
Theorem

Fig  (a) Equivalent circuit when the diode is conducting 
and (b) the equivalent circuit when the diode is not 
conducting.



Clamping Circuit 
TheoremIn the interval 0 < t < T, the input is at its 

upper level, the diode is ON,
If v/(f) is the output waveform in the forward direction, 
then the capacitor charging current is



In the interval T1 < t < T1+ T2, the input is 
at its lower level, the diode is OFF

Clamping Circuit 
Theorem

If vr(t) is the output voltage in the reverse direction, 
then the current which discharges the capacitor is



Clamping Circuit 
TheoremUnder steady-state conditions, the net charge acquired by the capacitor over 

one cycle must be equal to zero. Therefore, the charge gained in the 
interval 0 < t < T1, will be equal to the charge lost in the interval T1 < t 
< T1 + T2, i.e. Qg = Ql
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BJT- Bipolar Junction Transistor

BJT- Bipolar Junction Transistor



The bipolar junction transistor or BJT is a three-terminal 

semiconductor device that can act as a conductor or 

insulator based on the applied input signal. And due to 

this property, the transistor can be used as a switch in 

digital electronics or as an amplifier in analog 

electronics.

BJT- Bipolar Junction Transistor







BJT: Construction and Internal Structure

The bipolar junction transistor has three doped 
regions. The emitter, base, and collector.

 Based on the doping of these three regions

 NPN or PNP transistor.

In the case of the NPN transistor, both emitter and collector are 

doped with n-type impurity while the base is doped with a p-type 

impurity.

On the other end, in PNP transistor, the base is doped with N-type 

impurity while the collector and the emitter is doped with a P-type 

impurity. 

The term bipolar indicates that both electrons and holes contribute to the 
current. So BJT is current controlled device



Inside the BJT, the two PN junctions are formed.

One is between the base and emitter and 

the second is between the base and the collector. 
It appears as if two back to back diodes are connected in series.



BJT: Construction and Internal 

Structure





Different BJT Configurations:

As mentioned earlier, when BJT is used for the amplification of the signal, it is 

operated in the active region. And there are different ways to configure it.

•Common Emitter (CE)

•Common Base (CB)

•Common Collector (CC)

Depending on the requirement and the application, the BJT can be configured in 

any of the three configurations.





Working of BJT:

The figure shown below shows the operation of the BJT in the active 

region, where the base-emitter junction is forward biased, while the 

collector-base junction is reverse biased.

Voltage Notations for the BJT:

Voltage VBE – Voltage between the 

base and the emitter (VB – VE)

VB – Voltage between the base and 

the ground

VE– Voltage between the emitter and 

the ground

Voltage VCE- Voltage between the 

collector and the emitter

VCE = VC – VE

(Please note voltage VBE = – VEB and 

VCE = -VEC)

Voltage VBB and VCC are the supply 

voltages.









Different Currents in the Transistors:

Because of the flow of electrons and holes, 

three different currents establish in the 

transistors.

The figure below shows the three different 

currents in the transistor.

•Base current (IB)

•Collector Current (Ic)

•Emitter Current (IE)











The three types of configurations are

 Common Base
 Common Emitter
 Common Collector

In every configuration, the emitter junction is forward biased 
and the collector junction is reverse biased.





let us consider NPN transistor in CB configuration. When the emitter 
voltage is applied, as it is forward biased, the electrons from the 
negative terminal repel the emitter electrons and current flows through 
the emitter and base to the collector to contribute collector current. 
The collector voltage VCB is kept constant throughout this.
In the CB configuration, the input current is the emitter current IE and 
the output current is the collector current IC.





This decrease in effective base-width has three consequences: 
(i) There is less chance for recombination within the base region. 

Hence, a increases with increasing |VCB|. 
(ii) The charge gradient is increased within the base, and 

consequently, the current of minority carriers injected across 
the emitter junction increases.

(iii) For extremely large voltages, the effective base-width may be 
reduced to zero, causing voltage breakdown in the transistor. 
This phenomenon is called the punch through



Transistor parameters(h-parameters)

(a)Input impedance (hib) : It is defined as the ratio of the change 
in (input) emitter voltage to the change in (input) emitter current 
with the (output) collector voltage VCB kept constant. Therefore



Transistor parameters(h-parameters)



Common Emitter CE Configuration

The name itself implies that the Emitter terminal is taken as common terminal for 

both input and output of the transistor. The common emitter connection for 
both NPN and PNP transistors is as shown in the following figure.

Using PNP transistor Using NPN transistor





Transistor parameters(h-parameters)



Transistor parameters(h-parameters)



Common Collector CC Configuration

The name itself implies that the Collector terminal is taken as common terminal 

for both input and output of the transistor. The common collector connection 
for both NPN and PNP transistors is as shown in the following figure.
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COMPARISON OF BJT AND FET.



Ujt Characteris tics  And Principle Operators



1

UJT Characteristics and Principle Operators

• The term UJT stands for Unijunction Transistor.

• UJTs is a three-layered semiconductor device characterized by a 

unique negative resistance region in its voltage-current 

characteristic curve.

• They have three terminals: emitter, base 1, and base 2.



2

UJT Structure

• UJ Ts consists of lightly doped n-type semiconductor material 

between two p-type semiconductor layers.

• It forms a three-layer device, where the emitter is connected to one 

p-type layer and the base is connected to the other p-type layer.

• The n-type region is lightly doped, while the p-type regions are 
heavily doped.



3

UJT Operation Principle

• UJTs operate based on the principle of negative resistance.

• When voltage is applied between emitter and base 1, the UJT 

remains in the off state.

• As the emitter voltage increases, the UJT reaches a peak point of 

voltage and switches on.



4

UJT Characteristics

• UJTs have a high input impedance.

• They exhibit a negative resistance region in their characteristics 

curve.

• UJTs have a high voltage sensitivity.

• UJT has an intrinsic Standoff Ratio.



5

UJT Applications

• UJ Ts are widely used in relaxation oscillators.

• They can be used as timing elements in electronic circuits.

• It also used as voltage regulator.

• Widely used as triggering device for silicon control rectifiers.

• UJ Ts are also utilized in firing circuits for thyristors and triacs.



6

UJT Advantages

• UJTs are simple and inexpensive to manufacture.

• It has high input impedance.

• They have a wide range of operating frequencies.

• UJTs provide a stable and reliable operation.



7

UJT Limitations

• UJTs have limited power handling capacity.

• It have limited rage of applications.

• They are sensitive to temperature and voltage variations.

• UJTs require precise external timing components for proper 

operation.


