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Diode Operation and Characteristics 

Unbiased PN Junction  

• Since holes and electrons are close together at the junction, some free electrons from the 
n-side are attracted across the junction to fill adjacent holes on the p-side.  

• They are said to diffuse across the junction from a region of high carrier concentration to 
one of low concentration.  

• The free electrons crossing the junction create negative ions on the p side by giving some 
atoms one more electron than their total number of protons.  

• The electrons also leave positive ions (atoms with one lesser electron than the number of 
protons) behind them on the n-side. 
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Depletion Region  

• The movement of charge carriers across the junction leaves a layer on each side that is 

depleted of charge carriers.  

• This region is called the depletion region.  

• On the n-side, the depletion region is made up of donor impurity atoms that have become 

positively charged by losing the free electron associated with them.  

Barrier Voltage 

• On the p-side, the depletion region is made up of acceptor impurity atoms that have become 

negatively charged by losing the hole associated with them.  

• The n-type and p-type materials are both electrically neutral before the diffusion of charge 

carriers across the junction. 

 • The diffusion of charge carriers creates positive and negative ions on n side and p-side, 

which results in an electric field near the junction. 

 • This creates a potential difference across the depletion region which acts as a barrier.  

• This region is called the barrier voltage or barrier potential or junction potential, which is 
negative on the p-side and positive on the n-side. 

 • Typical barrier voltages at 25°C are 0.3 V for germanium and 0.7 V for silicon junctions. 

Forward Biasing of Diode • A diode is said to be forward biased when the positive terminal of 
the battery is connected to the p-side and negative terminal to the n-side. 
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The holes on the p-side, being positively charged particles, are repelled from the positive 

terminal and driven toward the junction.  

• Similarly, the electrons on the n-side are repelled from the negative terminal toward the 

junction. 

 • As a result, the width of the depletion region and the barrier voltage are both reduced.  

• When the applied bias voltage is progressively increased from zero, the barrier voltage gets 

smaller until it effectively disappears and charge carriers easily flow across the junction. 

 Electrons from the n-side are now attracted to the positive bias terminal on the p-side, and 

holes from the p-side are attracted to the negative terminal on the n-side.  

• The majority charge carrier current flows, and the junction is said to be forward biased 

 

 From the forward characteristic, it can be seen that there is a very little forward current 

until 𝑉𝐹 exceeds the junction barrier voltage (0.3 V for germanium and 0.7 V for silicon).  

• When 𝑉𝐹 is increased from zero toward the knee of the characteristic, the barrier voltage is 

progressively overcome, allowing more majority charge carriers to flow across the junction.  

• Above the knee of the characteristic, 𝐼𝐹 increases almost linearly with increase in 𝑉𝐹. 
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• Electrons from the n-side are attracted to the positive terminal away from the junction, and 

holes on the p-side are attracted to the negative terminal away from the junction.  

• This causes the depletion region to be widened and the barrier voltage to be increased.  

• With the barrier voltage increase, there is no possibility of a majority charge carrier current 
flow across the junction, and the junction is said to be reverse biased.  

• Although, there is very small reverse current and hence the reverse biased PN junction can 
be said to have a high resistance. 

 

• Although there is no possibility that a majority charge carrier current can flow across a 

reverse biased junction, minority carriers generated on each side can still cross the junction. 

 • Electrons in the p-side are attracted across the junction to the positive voltage on the n-

side, and holes on the n-side may flow across to the negative voltage on the p-side.  

• Since only a very small reverse bias voltage is necessary to direct all available minority 
carriers across the junction, further increase in bias voltage does not increase the current 

level.  

• This current is known as reverse saturation current.  

• The reverse saturation current is normally a very small quantity, ranging from nanoamperes 
(nA) to microamperes (μA). 
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• If the reverse bias voltage is increased to a value called the breakdown voltage, the diode breaks 
down and the reverse current will increase drastically. 

 

From the reverse characteristic, it can be seen that 𝐼𝑅 is largely a minority charge carrier 

reverse saturation current.  

• A small increase in 𝐼𝑅 can occur with increasing reverse bias voltage, as a result of minority 

charge carriers leaking along the junction surface. • 

 Normally, the reverse current is very small and it can be neglected.  

• However, if the reverse bias voltage is increased to a value called the breakdown voltage, 
the reverse current will drastically increase. 
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Diode Parameters 
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Diode Approximations 

Equivalent Circuits of Diode  

• An equivalent circuit for a device is a circuit that represents the device behaviour.  

• A diode equivalent circuit may be substituted for the device when investigating a circuit 

containing the diode. 

Ideal Model  

• An ideal diode (or perfect diode) would have zero forward resistance and zero forward 
voltage drop.  

• It would also have an infinitely high reverse resistance, which would result in zero reverse 

current.  

• The ideal model of a diode is the least accurate approximation and can be represented by a 
simple switch.  

• When the diode is forward biased, it ideally acts like a closed switch (ON). • When the diode 
is reverse biased, it ideally acts like an open switch (OFF).  

• The barrier voltage, the forward dynamic resistance and the reverse current are all 
neglected. 

 
Approximate Model (Practical Model)  

• The approximate model or practical model of diode includes the barrier voltage. 

 • A forward biased diode is assumed to have a constant forward voltage drop (𝑉𝐹) and 

negligible resistance.  

• In this case, the diode equivalent circuit is assumed to be a voltage cell with a voltage 𝑉𝐹.  
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• In circuits with supply voltages much larger than the forward voltage drop, 𝑉𝐹 can be 

assumed to be constant without introducing any serious errors.  

• In approximate or practical model, the forward dynamic resistance and the reverse current 
are neglected. 

 

 
Piecewise Linear Model (Complete Model)  

• The complete model of a diode is the most accurate approximation and includes the barrier 

voltage (forward voltage drop dynamic resistance (𝑟𝑑). 𝑉𝐹 and the small forward  

• The complete dc equivalent circuit includes the diode dynamic resistance (𝑟𝑑) in series with 

the voltage cell with a voltage 𝑉𝐹. 

 • This takes account of the small variations in 𝑉𝐹 that occur with change in forward current.  

• The piecewise linear characteristic is the straight-line approximation of the forward 

characteristic and can be employed when the forward characteristic of a diode is not 

available. 
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DC Load Line Analysis 
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Q-Point  

• The quiescent point or Q-Point is the only point on the dc load line where the diode voltage 

and current are compatible with the circuit conditions.  

• It is also called dc bias point. 

 • It is the point where the dc load line intersects the diode forward characteristic. 

Rectification 
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Types of Rectifiers  

• Half-Wave Rectifier  

• Full-Wave Rectifier  

• Full-Wave Rectifier using two diodes and a centre-tapped transformer  

• Full-Wave Bridge Rectifier using four diodes 

Half-Wave Rectifier 

 A Half-Wave Rectifier (HWR) is a circuit which converts only one half-cycle of the input ac to pulsating 

dc. 

 

 
Working of Half Wave Rectifier 
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In this section, let us understand how a half-wave rectifier transforms AC into DC. 

1. A high AC voltage is applied to the primary side of the step-down transformer. The 

obtained secondary low voltage is applied to the diode. 

2. The diode is forward biased during the positive half cycle of the AC voltage and 

reverse biased during the negative half cycle. 

 
Full-Wave Rectifier  

• A Full-Wave Rectifier (FWR) is a circuit which converts both the half cycles of the input ac to 

pulsating dc.  

• A full-wave rectifier can be constructed using two ways:  

• Using two diodes and a centre-tapped Rectifier  

• Using four diodes (Bridge Rectifier) 

Full wave Centre-tapped Rectifier 
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• The full-wave rectifier consists of two diodes 𝐷1 and 𝐷2 as shown.  

• A step-down transformer is used to reduce the available ac voltage to the required level. 

 • The transformer is centre-tapped so that two equal voltages are induced at both halves of 

the transformer secondary. 

 • Resistor 𝑅𝐿 is the load resistance which consumes power from the rectifier. 

(i) During positive half-cycle of ac supply  

 

 
(ii) During negative half-cycle of ac supply  
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Bridge Rectifier 

Construction 

The construction of a bridge rectifier is shown in the figure below.  

 The bridge rectifier circuit is made of four diodes D1, D2, D3, D4, and a load resistor RL.  

 The four diodes are connected in a closed-loop configuration to efficiently convert the 

alternating current (AC) into Direct Current (DC).  

 The main advantage of this configuration is the absence of the expensive centre-

tapped transformer. Therefore, the size and cost are reduced. 

 

 

(i) During positive half-cycle of ac supply  

• The diodes 𝐷1 and 𝐷3 are forward biased and hence they conduct, whereas the diodes 𝐷2 

and 𝐷4 are reverse biased and hence they remain off.  

• The conducting diodes can be replaced by forward resistance 𝑅𝑓 and the non conducting 

diodes can be replaced by open circuit and the equivalent circuit can be drawn as shown. 
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(ii) During negative half-cycle of ac supply  

 • The diodes 𝐷2 and 𝐷4 are forward biased and hence they conduct, whereas the diodes 𝐷1 

and 𝐷3 are reverse biased and hence they remain off.  

• The conducting diodes can be replaced by forward resistance 𝑅𝑓 and the non conducting 

diodes can be replaced by open circuit. 
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Capacitor Filter Circuit 

• Filter is a circuit used to reduce the ripple content present in the rectified output.  

• A capacitor connected in parallel with the load resistor acts as a filter by reducing the ripple 
content present in the rectified output. 

 • The output from half-wave and full-wave rectifiers is not a smooth dc due to the ripple 

content.  

• The ripple content of half-wave rectified output is 121% of dc component whereas it is 48.3% 

of dc component in full-wave rectified output. 

 • In order to obtain smooth dc, it is necessary to filter out the ripple content. 

Half-Wave Rectifier with a ‘C’ Filter 

• During the positive half-cycle of the ac supply, the diode conducts and charges the capacitor 

to the peak value 𝑉𝑚 of the input voltage.  

• When the input voltage falls below 𝑉𝑚, the diode stops conducting.  

• Now, the capacitor starts discharging into the load 𝑅𝐿 and the voltage on capacitor decreases.  

• The discharging of the capacitor continues till the diode starts conducting again and charges 
the capacitor in the next positive half-cycle of the ac supply. 
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• From the waveforms, we find that without capacitor filter, the output voltage 𝑣𝑜 varies 

between 0 and 𝑉𝑚 and with capacitor filter, the variation is between [𝑉𝑚 − 𝑉𝑟(𝑝−𝑝)] and 𝑉𝑚.]  

• It can be observed that, with filter, the variation in 𝑣𝑜 is smaller than that without filter.  

• Thus, by using a capacitor filter, the ripple content of the output voltage is considerably 
reduced. 

Full-Wave Rectifier with a ‘C’ Filter  

For Two-Diode Full-Wave Rectifier with ‘C’ Filter  

• During the positive half-cycle of the ac supply, the diode 𝐷1 conducts and charges the 

capacitor to the peak value 𝑉𝑚 of the input voltage.  

• When the input voltage falls below 𝑉𝑚, the diode stops conducting.  

• Now, the capacitor starts discharging into the load 𝑅𝐿 and the voltage on capacitor decreases.  

 

• The discharging of the capacitor continues until the diode 𝐷2 starts conducting 

• During the positive half-cycle of the ac supply, the diodes 𝐷1 and 𝐷2 conduct and charge the 

capacitor to the peak value 𝑉𝑚 of the input voltage.  

• When the input voltage falls below 𝑉𝑚, the diodes 𝐷1 and 𝐷2 stop conducting.  

• Now, the capacitor starts discharging into the load 𝑅𝐿 and the voltage on capacitor decreases.  

• The discharging of the capacitor continues until the diodes 𝐷3 and diodes 𝐷1 and 𝐷4 start 

conducting in the next half-cycle and charge the capacitor again. 

• From the waveforms, we find that without capacitor filter, the output voltage 𝑣𝑜 varies 

between 0 and 𝑉𝑚 and with capacitor filter, the variation is between [𝑉𝑚 − 𝑉𝑟(𝑝−𝑝)] and 𝑉𝑚.]  

• It can be observed that, with filter, the variation in 𝑣𝑜 is smaller than that without filter.  
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• Thus, by using a capacitor filter, the ripple content of the output voltage is considerably 
reduced. 

 
Zener Diode 
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Diode Logic Circuit 

AND Gate 

 A logic circuit produces an output voltage which is either high or low, depending upon 

the levels of several input voltages. The two basic logic circuits are the AND gate and 

the OR gate. 

 The Fig 1a is the circuit diagram of a diode AND gate. The circuit has a single output 

terminal at the diode common anodes and three inputs at the device cathode 
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terminals. (An AND gate could have almost any number of input terminals from 2 up 

to perhaps 50.) The diode anodes are connected via resistor R₁ to a supply of V_CC = 

5 V. 

 If one or more of the input terminals is grounded, current flows from the supply 

through R₁ and through the forward-biased diodes to ground.  

 In this case, the output voltage is just V_F above ground (0.7 V for silicon). The output 

is said to be low. When input levels of 5 V are applied to all three input terminals, none 

of the diodes is forward biased, and no significant voltage drop occurs across R₁.  
 Thus, the output voltage is equal to V_CC, and it is referred to as a high output level. 

 The AND gate gives a low output voltage when one or more of its inputs are low and 

a high output when input A is high and input B is high and input C is high. Hence the 

name AND gate. 

 

Fig 1a: Circuit of a 3 input diode AND gate 

OR gate 

 The circuit diagram of a three-input terminal OR gate is shown in Fig. 1b. Again, the 

gate could have two or more inputs. It is fairly obvious that the output voltage of the 

OR gate is low when all three inputs are low. 
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 Now suppose that a +5-V input is applied to terminal A, while terminals B and C remain 

grounded. Diode D₁ becomes forward biased, and its cathode voltage (i.e., the output 

voltage) is +(5 V - V_F). The output is high.  

 Diodes D₂ and D₃ are reverse biased with +V₀ on the anodes and ground at the 
cathodes. 

 As its name implies, the OR gate produces a high output when a high input level is 

applied to terminal A or terminal B or terminal C. 

 Both AND and OR gates can be designed and constructed using discrete components. 

Alternatively, small integrated-circuit (IC) packages are available, each of which 

contain many diodes already fabricated in the form of the desired gate. 

 

 

NOTE: ALL THE DERIVATIONS AND PROBLEMS DONE IN CLASS ARE INCLUDED IN THE SYLLUBUS 
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