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PN-junction is formed by growing a single 
crystal of Si or Ge, which is half P-type 
and half N-type.

PN-junction Diode
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Formation  of Depletion Region

Symbol
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• Because of diffusion of electrons from N-type into P-type, and of 
hole from P-type into N-type, depletion region or space-charge 
region is formed. 

• This region has extremely high resistance and the potential due to 
Electric field is called barrier potential or contact potential or 
diffusion potential.

V0 = 0.7 V for Si
V0 = 0.3 V for Ge

The barrier discourages the diffusion of majority carriers across the 
junction.
But the same barrier helps the minority carriers to drift across the 
junction. 
The minority carriers are constantly generated due to thermal 
energy.
Does it mean that there should be constant current due to the 
minority carriers crossing the junction ?
No. How can there  be current without any external connection ?

• Ans.: The net current across the junction has to be zero. The 
majority carrier having high energy still diffuse across the junction. 
The two currents counterbalance each other.
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PN-Junction with Forward Bias

• Applied voltage opposes the contact potential.
• Net barrier potential VB is reduced.
• Diffusion current increases.
• Drift current slightly decreases.
• The forward biasing current is

If=Idif-Idr
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PN-Junction with Reverse Bias

• Barrier potential VB increases.
• Idif due to majority carriers reduces to almost zero.
• Idr slightly increases.
• The net current Ir remains constant till breakdown, hence 

called saturation current Is .
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Summary of Biasing Conditions
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V-I Characteristics of Diode

• VT is cut-in, knee, offset, turn-on, or threshold voltage.
• Is is reverse saturation current.
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Si Diode vs Ge Diode
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Reverse Breakdown
• At some high reverse voltage, called breakdown voltage 

(VZ), the current abruptly increases. Two phenomena :
1. Zener Breakdown:

The field across depletion region becomes so high 
(about 107 V/m) that large number of covalent bonds 
break.Hence large current starts flowing.

2.    Avalanche Breakdown:
• Increased field causes large increase in the velocities of 

minority carriers.These carriers cause impact ionization.
• Cumulative multiplication of charge carriers occur.

• Zener is predominant for VZ less than 4 V.
• Avalanche is predominant for VZ greater than 6 V.
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Temperature Effects

• Is almost doubles for every 10 °C rise in 
temperature.

• VZ increases with temperature.
• The width of the depletion layer decrease 

and hence barrier potential decreases with 
rise in temperature.

• As a result, VT decreases by 2 mV for 
each celsius degree rise in temperature.
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DIODE RESISTANCE

• Two kinds :
1. Static or DC Resistance (High Value): It 

is the resistance offered by the diode to a 
dc current.

2. Dynamic or AC Resistance (Low Value):
It is the resistance offered by the diode to 
ac (varying) current. 
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Static or DC Resistance
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Dynamic or AC Resistance
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Diode Equation

Dynamic (ac) Resistance of a Diode:
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Ideal Diode
• Ideally, a diode should have 

RF  = 0   and    RR  = ∞
• V-I characteristics of an ideal diode:
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Unidirectional Property of Diode 
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Circuit Model of a Diode
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Simplified Circuit Model
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Junction Capacitances
• Two kinds :

1. Transition or Depletion Capacitance, CT  :
This is predominant in reverse bias. It 
decreases with applied voltage. 

2. Storage or Diffusion Capacitance, CD :
This is predominant in forward bias. Of the 
order of several hundred pF. 
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Diodes in Rectifier Circuits 
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Block Diagram of DC Power Supply
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Half-wave Rectifier
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Performance of Half-wave Rectifier
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Total RMS Value :
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Full-wave Rectifier
(Centre-tap)
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Full-wave Rectifier
(Bridge)
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Performance of Full-wave Rectifier

Its period is π, and not 2π.
How much is its period in terms of ωt ?
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Total RMS Value :
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Diode Ratings
1. Current Handling Capacity.

2. Peak Inverse Voltage (PIV ): It is the 
largest reverse voltage that is expected 
to appear across the diode.  Usually, 
diodes are selected which have VZ at 
least 50 % greater than PIV.
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PIV Ratings
• For half-wave rectifier : Vm
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Figures of Merit of a Rectifier
1. Ripple Factor (1. Ripple Factor (rr):):

2. Rectification Efficiency (η):
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Now, for Half-wave Rectifier:

1. Ripple Factor (1. Ripple Factor (rr) :) :

Rectification Efficiency for Half-Wave rectifier:
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Ripple Factor Full-wave Rectifier:

Rectification Efficiency for Full-Wave rectifier: :
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SIMPLE POSITIVE & NEGATIVE CLIPPERS
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Biased Positive Clipper
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Biased Negative Clipper
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Positive Clamper 
During the negative half cycle 
of the input signal, the diode 
conducts and acts like a short 
circuit. The output voltage Vo 
⇒ 0 volts . The capacitor is 
charged to the peak value of 
input voltage Vm. and it 
behaves like a battery. 

During the positive half of the 
input signal, the diode does 
not conduct and acts as an 
open circuit. Hence the output 
voltage Vo ⇒Vm+ Vm This gives 
a positively clamped voltage. 

Vo ⇒Vm+ Vm = 2 Vm
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Positive Clamper
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Negative Clamper 
During the positive half 
cycle the diode conducts 
and acts like a short circuit. 
The capacitor charges to 
peak value of input voltage 
Vm. During this interval the 
output Vo which is taken 
across the short circuit will 
be zero During the negative 
half cycle, the diode is open. 
The output voltage can be 
found by applying KVL.
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Negative Clamper
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Negative ClampersNegative Clampers

6060

A diode and capacitor can be 
combined to “clamp” an AC 
signal to a specific DC level.
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Biased Clamper CircuitsBiased Clamper Circuits

6161

The input signal can be any type 
of waveform such as sine, square, 
and triangle waves.

The DC source lets you adjust 
the DC camping level. 
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Positively biased clamper
During the negative half cycle of the input signal 
the diode is forward biased and acts like a short 
circuit. The capacitor charges to  Vi+Vs. Applying 
the KVL to the input side 

During the positive half cycle of the input signal, the 
diode is reverse biased and it acts as an open circuit. 
Hence Vs has no effect on Vo. Applying KVL around 
the outside loop.
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Summary of Clamper CircuitsSummary of Clamper Circuits
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