


—CHAPTER'S
DIODE
Objective

In this Chapter, we will learn the following topics:

1. Introduction of PN Junction.

2. Diode construction.

3. Working of Diode in Forward bias and Reverse bias.
4. Real Diode Vs Practical Diode.

5. Diode Equivalent Circuits.

6. Introduction of Zener diode.

7. LED
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What i1s PN Junction

A P-N junction Is a boundary or interface between two types of
semiconductor material, P-type and N-type, inside a single crystal

of semiconductor.

It is created by doping, for example by ion implantation, diffusion
of dopants or by epitaxy(growing a layer of crystal doped with one
type of dopant on top of a layer of crystal doped with another type
of dopant).

P-N junctions are elementary "building blocks" of most
semiconductor electronic devices such as diodes, transistors, solar

cells, LEDs and integrated circuits .
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Lots of electrons on the left hand side of the junction want to
diffuse to the right and lots of holes on the right hand side of
the junction want to move to the left.

The donors and acceptors fixed,don’t move (unless you heat up
semiconductors, so they can diffuse) because they are elements
(such as arsenic and boron) which are incorporated to lattice.

However, the electrons and holes that come from them are free
to move.

Holes diffuse to the left of the metalurgical junction and
combine with the electrons on that side. They leave behind
negatively charged acceptor centres.
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Similarly, electrons diffusing to the right will leave behind positively

charged donor centres. This diffusion process can not go on forever.
Because, the increasing amount of fixed charge wants to
electrostatically attract the carriers that are trying to diffuse
away(donor centres want to keep the electrons and acceptor centres

want to keep the holes). Equlibrium is reached.

When no external source is connected to the P-N junction, diffusion

and drift balance each other out for both the holes and electrons.

This fixed charges produce an electric field which slows down the

diffusion process.
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This fixed charge region is known as depletion

region or space charge region which is the region
the free carriers have left.

It is called as depletion region since it is depleted
of free carriers.
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The PN Junction
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Diode
In electronics, a diode 1S a two-terminal electronic
component that conducts primarily in one direction

(asymmetric conductance); it has low (ideally zero)

resistance to the flow of current in one direction, and

high (ideally infinite) resistance in the other.

A semiconductor diode, the most common type today, IS
a crystalline piece of semiconductor material with a P-N

junction connected to two electrical terminals.
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iode symbol and shape
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— Blasing of Diode -

/

Forward Bias:-
1. The forward voltage causes the depletion region to

narrow.
2. The electrons and holes are pushed toward the p-n

junction. - -
3. The electrons and o
holes have sufficient %@ @ g gg @ @-_@‘F
energy to cross the P Dot feion
p-n junction. Io " Io

Vp
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Forwavrd bias charvacteristics
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Diode Characteristics in Forward Bias
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The point at which the diode changes from no-bias
condition to forward-bias condition occurs when the
electrons and holes are given sufficient energy to cross
the p-n junction. This energy comes from the external

voltage applied across the diode.

The voltage from where current starts to flow is
called knee voltage.

The forward bias voltage ( Knee Voltage) required for
a.
gallium arsenide diode = 1.2 V

silicon diode 0.7 V
germanium diode= 0.3V
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Reverse Bias

The reverse voltage causes the depletion region to
widen.

The electrons In the n-type material are attracted
toward the positive terminal of the voltage source.

The holes In the p-type
material are attracted

toward the negative 4_{
terminal of the
voltage source b

—~&— | Minority-carrier flow
lmu'()rily = 0A
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THIS IS HOW A PN JUNCTION SEMICONDUCTOR WORKS




Diode Characteristics in reverse Bias
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. ZENER REGION

The Zener region is in the diode’s reverse-bias region.

At some point the reverse bias voltage is so large the diode breaks
down and the reverse current increases dramatically.

The maximum reverse voltage that won’t take a diode into the

zener region is called the peak inverse voltage or peak reverse
voltage.

The voltage that causes a
diode to enter the zener
region of operation is
the zener voltage (1%). % co
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/ " Diode Characteristics
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Fig. 3.13 (b)) V-1 Characteristic of Zener Diode.
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Standard diode symbol
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Fig 6.5 Current-Voltage Behaviour of a diode.
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Diode Equivalent Circuits
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F Zener Diode

A Zener diode is a diode which allows current to flow In
the forward direction in the same manner as an ideal
diode, but also permits it to flow in the reverse direction
when the voltage is above a certain value known as the
breakdown voltage, "Zener knee voltage", "Zener

voltage", "avalanche point", or "peak inverse voltage".

T 0
Common zener diode voltage ratings are l [Z

between 1.8 V and 200 V. %
§ x
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Characteristics of Zener diode
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Light-Emitting Diode (LED)

An LED emits light when it is forward biased,
which can be in the infrared or visible spectrum.

The forward bias voltage is usually in the range of 2
Vto3z V.
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LED Character
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