P-N Junction Diode Theory and Working

A P-N Junction Diode is formed by doping one side of a piece of silicon with a P-type
dopant (Boran) and the other side with a N-type dopant (phosphorus).Ge can be used
instead of Silicon. The P-N junction diode is a two-terminal device. This is the basic
construction of the P-N junction diode. It is one of the simplest semiconductor devices as
it allows current to flow in only one direction.The diode does not behave linearly with
respect to the applied voltage, and it has an exponential V-I relationship.

What is a P-N junction Diode?

A P-N junction diode is a piece of silicon that has two terminals. One of the terminals is
doped with P-type material and the other with N-type material. The P-N junction is the
basic element for semiconductor diodes. A Semiconductor diode facilitates the flow of
electrons completely in one direction only - which is the main function of semiconductor
diode. It can also be used as a Rectifier.
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P-N Junction
PN Junction Diode Theory

There are two operating regions: P-type and N-type. And based on the applied voltage,
there are three possible “biasing” conditions for the P-N Junction Diode, which are as
follows:

Zero Bias - No external voltage is applied to the PN junction diode.

Forward Bias- The voltage potential is connected positively to the P-type terminal and
negatively to the N-type terminal of the Diode.

Reverse Bias- The voltage potential is connected negatively to the P-type terminal and
positively to the N-type terminal of the Diode.

Zero Biased Condition

In this case, no external voltage is applied to the P-N junction diode; and therefore, the
electrons diffuse to the P-side and simultaneously holes diffuse towards the N-side
through the junction, and then combine with each other. Due to this an electric field is
generated by these charge carriers. The electric field opposes further diffusion of charged
carriers so that there is no movement in the middle region. This region is known as
depletion width or space charge.
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Depletion width during unbiased
condition

P_type —L;_ N'type

5 )3 ) ) @
9 | ; -

Py J ' o0 ‘1""”; > °
! - T
> o0 fﬁ‘bj Q

oples @ O

. ) /‘ }YV
Negative ion  pgsitive ion

Unbiased Condition

Forward Bias

In the forward bias condition, the negative terminal of the battery is connected to the N-
type material and the positive terminal of the battery is connected to the P-Type material.
This connection is also called as giving positive voltage. Electrons from the N-region cross
the junction and enters the P-region. Due to the attractive force that is generated in the
P-region the electrons are attracted and move towards the positive terminal.
Simultaneously the holes are attracted to the negative terminal of the battery. By the
movement of electrons and holes current flows. In this condition, the width of the
depletion region decreases due to the reduction in the number of positive and negative
ions.
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Forward Biasing Voltage

Forward Bias Condition
V-I Characteristics

By supplying positive voltage, the electrons get enough energy to overcome the potential
barrier (depletion layer) and cross the junction and the same thing happens with the
holes as well. The amount of energy required by the electrons and holes for crossing the
junction is equal to the barrier potential 0.3 V for Ge and 0.7 V for Si, 1.2V for GaAs. This
is also known as Voltage drop. The voltage drop across the diode occurs due to internal
resistance. This can be observed in the below graph.
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Forward bias V-I Characteristics
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Reverse Bias

In the forward bias condition, the negative terminal of the battery is connected to the N-
type material and the positive terminal of the battery is connected to the P-type material.
This connection is also known as giving positive voltage. Hence, the electric field due to
both the voltage and depletion layer is in the same direction. This makes the electric field
stronger than before. Due to this strong electric field, electrons and holes want more
energy to cross the junction so they cannot diffuse to the opposite region. Hence, there is
no current flow due to the lack of movement of electrons and holes.

Depletion layer in Reverse Biased condition
The electrons from the N-type semiconductor are attracted towards the positive terminal
and the holes from the P-type semiconductor are attracted to the negative terminal. This
leads to the reduction of the number of electrons in N-type and holes in P-type. In
addition, positive ions are created in the N-type region and negative ions are created in
the P-type region.
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Circuit diagram for Reverse bias
Therefore, the depletion layer width is increased due to the increasing number of positive
and negative ions.

V-I Characteristics

Due to thermal energy in crystal minority carriers are produced. Minority carriers mean
a hole in N-type material and electrons in P-type material. These minority carriers are the
electrons and holes pushed towards P-N junction by the negative terminal and positive
terminal, respectively. Due to the movement of minority carriers, a very little current
flows, which is in nano Ampere range (for silicon). This current is called as reverse
saturation current. Saturation means, after reaching its maximum value, a steady state is
reached wherein the current value remains same with increasing voltage.

The magnitude of reverse current is of the order of nano-amperes for silicon devices.
When the reverse voltage is increased beyond the limit, then the reverse current
increases drastically. This particular voltage that causes the drastic change in reverse
current is called reverse breakdown voltage. Diode breakdown occurs by two
mechanisms: Avalanche breakdown and Zener breakdown.

[=1S[exp (qV/KT )-1]
K - Boltzmann Constant



T - Junction temperature (K)
(kT/q) Room temperature = 0.026V

Usually IS is a very small current approximately in 10-17 ...... 10-13A
Therefore, it can be written as

I=IS[exp(V/0.026)-1]

V-1 Characteristics Graph for Reverse Bias

Applications of PN junction Diode

The P-N junction diode has many applications.

e P-Njunction diode in the reverse-biased configuration is sensitive to light from a range
between 400nm to 1000nm, which includes VISIBLE light. Therefore, it can be used as
a photodiode.

e Itcan also be used as a solar cell.

e P-Njunction forward bias condition is used in all LED lighting applications.

e The voltage across the P-N junction biased is used to create Temperature Sensors, and
Reference voltages.

e Itisused in many circuits’ rectifiers, varactors for voltage-controlled oscillators.

V-I Characteristics of P-N junction Diode

V-1 Characteristics of P-N junction Diode
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The graph will be changed for different semiconductor materials used in the construction
of a P-N junction diode. The below diagram depicts the changes.
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Comparison with Silicon, Germanium, and Gallium Arsenide
This is all about the P-N Junction diode’s theory, working principle and its applications.
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