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SEMICONDUCTOR DIODE

A diode is defined as a two-terminal electronic component that only conducts current in one direction (so long as
it is operated within a specified voltage level). An ideal diode will have zero resistance in one direction, and
infinite resistance in the reverse direction.

Although in the real world, diodes can not achieve zero or infinite resistance. Instead, a diode will have negligible
resistance in one direction (to allow current flow), and a very high resistance in the reverse direction (to prevent
current flow). A diode is effectively like a valve for an electrical circuit.

Semiconductor diodes are the most common type of diode. These diodes begin conducting electricity only if a
certain threshold voltage is present in the forward direction (i.e. the “low resistance” direction). The diode is said
to be “forward biased” when conducting current in this direction. When connected within a circuit in the reverse
direction (i.e. the “high resistance” direction), the diode is said to be “reverse biased”.

A diode only blocks current in the reverse direction (i.e. when it is reverse biased) while the reverse voltage is
within a specified range. Above this range, the reverse barrier breaks. The voltage at which this breakdown occurs
is called the “reverse breakdown voltage”. When the voltage of the circuit is higher than the reverse breakdown
voltage, the diode is able to conduct electricity in the reverse direction (i.e. the “high resistance” direction). This
is why in practice we say diodes have a high resistance in the reverse direction — not an infinite resistance.

A PN junction is the simplest form of the semiconductor diode. In ideal conditions, this PN junction behaves as a
short circuit when it is forward biased, and as an open circuit when it is in the reverse biased. The name diode is
derived from “di—ode” which means a device that has two electrodes. Diodes are commonly used in many
electronics projects and are included in many of the best Arduino starter Kits.

Diode Symbol

The symbol of a diode is shown below. The arrowhead points in the direction of conventional current flow in the
forward biased condition. That means the anode is connected to the p side and the cathode is connected to the n
side.

Anode (+) Cathode (-)
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We can create a simple PN junction diode by doping pentavalent or donor impurity in one portion and trivalent
or acceptor impurity in other portion of silicon or germanium crystal block. These dopings make a PN junction at
the middle part of the block. We can also form a PN junction by joining a p-type and n-type semiconductor
together with a special fabrication technique. The terminal connected to the p-type is the anode. The terminal
connected to the n-type side is the cathode.

Working Principle of Diode

A diode’s working principle depends on the interaction of n-type and p-type semiconductors. An n-type
semiconductor has plenty of free electrons and a very few numbers of holes. In other words, we can say that the
concentration of free electrons is high and that of holes is very low in an n-type semiconductor. Free electrons in
the n-type semiconductor are referred as majority charge carriers, and holes in the n-type semiconductor are
referred to as minority charge carriers.

A p-type semiconductor has a high concentration of holes and a low concentration of free electrons. Holes in the
p-type semiconductor are majority charge carriers, and free electrons in the p-type semiconductor are minority
charge carriers.

Unbiased Diode

Now let us see what happens when one n-type region and one p-type region come in contact. Here due to
concentration differences, majority carriers diffuse from one side to another. As the concentration of holes is high
in the p-type region and it is low in the n-type region, the holes start diffusing from the p-type region to the n-type
region.Again the concentration of free electrons is high in the n-type region and it is low in the p-type region and
due to this reason, free electrons start diffusing from the n-type region to the p-type region.

The free electrons diffusing into the p-type region from the n-type region would recombine with holes available
there and create uncovered negative ions in the p-type region. In the same way, the holes diffusing into the n-type
region from the p-type region would recombine with free electrons available there and create uncovered positive
ions in the n-type region.

In this way, there would a layer of negative ions in the p-type side and a layer of positive ions in the n-type region
appear along the junction line of these two types of semiconductors. The layers of uncovered positive ions and
uncovered negative ions form a region in the middle of the diode where no charge carrier exists since all the
charge carriers get recombined here in this region. Due to the lack of charge carriers, this region is called the
depletion region.
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After the formation of the depletion region, there is no more diffusion of charge carriers from one side to another
in the diode. This is due to the electric field appeared across the depletion region will prevent further migration of
charge carriers from one side to another.

The potential of the layer of uncovered positive ions in the n-type side would repeal the holes in the p-type side
and the potential of the layer of uncovered negative ions in the p-type side would repeal the free electrons in the
n-type side. That means a potential barrier is created across the junction to prevent further diffusion of charge
carriers.

Forward Biased Diode

Now let us see what happens if a positive terminal of a source is connected to the p-type side and the negative
terminal of the source is connected to the n-type side of the diode and if we increase the voltage of this source
slowly from zero.

In the beginning, there is no current flowing through the diode. This is because although there is an external
electrical field applied across the diode, the majority charge carriers still do not get sufficient influence of the
external field to cross the depletion region. As we told that the depletion region acts as a potential barrier against
the majority charge carriers.

This potential barrier is called forward potential barrier. The majority charge carriers start crossing the forward
potential barrier only when the value of externally applied voltage across the junction is more than the potential
of the forward barrier. For silicon diodes, the forward barrier potential is 0.7 volt and for germanium diodes, it is
0.3 volt.

When the externally applied forward voltage across the diode becomes more than the forward barrier potential,
the free majority charge carriers start crossing the barrier and contribute the forward diode current. In that
situation, the diode would behave as a short-circuited path and the forward current gets limited by only externally
connected resistors to the diode.

External electric field
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Reverse Biased Diode

Now let us see what happens if we connect the negative terminal of the voltage source to the p-type side and
positive terminal of the voltage source to the n-type side of the diode. At that condition, due to electrostatic
attraction of the negative potential of the source, the holes in the p-type region would be shifted more away from
the junction leaving more uncovered negative ions at the junction.

In the same way, the free electrons in the n-type region would be shifted more away from the junction towards
the positive terminal of the voltage source leaving more uncovered positive ions in the junction. As a result of this
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phenomenon, the depletion region becomes wider. This condition of a diode is called the reverse biased condition.
At that condition, no majority carriers cross the junction, and they instead move away from the junction. In this
way, a diode blocks the flow of current when it is reverse biased.

As we already told at the beginning of this article that there are always some free electrons in the p-type
semiconductor and some holes in the n-type semiconductor. These opposite charge carriers in a semiconductor
are called minority charge carriers. In the reverse biased condition, the holes find themselves in the n-type side
would easily cross the reverse-biased depletion region as the field across the depletion region does not present
rather it helps minority charge carriers to cross the depletion region.

As a result, there is a tiny current flowing through the diode from positive to the negative side. The amplitude of
this current is very small as the number of minority charge carriers in the diode is very small. This current is called
reverse saturation current.

If the reverse voltage across a diode gets increased beyond a safe value, due to higher electrostatic force and due
to higher kinetic energy of minority charge carriers colliding with atoms, a number of covalent bonds get broken
to contribute a huge number of free electron-hole pairs in the diode and the process is cumulative.

The huge number of such generated charge carriers would contribute a huge reverse current in the diode. If this
current is not limited by an external resistance connected to the diode circuit, the diode may permanently be
destroyed.
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Operation of diode can be summarized in form of I-V diode characteristics graph.

For reverse bias diode, V<0,Ip=1Is
Where, V = supply voltage

Io = diode current

Is = reverse saturation current

o V/NV o
For forward bias,V >0, Ip = Is(e 1)
Where, V1 = volt’s equivalent of temperature = KT/Q = T/11600
0
Q = electronic charge = 1.632 x 10 Be

K = Boltzmann’s constant = 1.38 = 10 z
N =1, for Ge
= 2, for Si
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V-l CHARACTERSTICS OF DIODE:
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As reverse bias voltage is further raised, depletion region width increases and a point comes when junction breaks
down. This results in large flow of current. Breakdown is the knee of diode characteristics curve. Junction

breakdown takes place due to two phenomena.The diode current equation is also known as SHOCKLEY’S
EQUATION.

Avalanche Breakdown (for V > 5V)

Under very high reverse bias voltage kinetic energy of minority carriers become so large that they knock out
electrons from covalent bonds, which in turn knock more electrons and this cycle continues until and unless
junction breakdowns. This is known as avalanche breakdown, a phenomenom that is cental to avalanche diodes.
Zener Effect (for V < 5V)

Under reverse bias voltage junction barrier tends to increase with increase in bias voltage. This results in very
high static electric field at the junction. This static electric field breaks covalent bond and set minority carriers
free which contributes to reverse current. Current increases abruptly and junction breaks down. This is known as
Zener breakdown, and is a phenomenom that is cental to Zener diodes

Static or DC Resistance

It is the resistance offered by the diode to the flow of DC through it when we apply a DC voltage to it.
Mathematically the static resistance is expressed as the ratio of DC voltage applied across the diode terminals to
the DC flowing through it i.e.

Vic
Ry = —
vllrlf'.' Idr,

Dynamic or AC Resistance

It is the resistance offered by the diode to the flow of AC through it when we connect it in a circuit which has an
AC voltage source as an active circuit element. Mathematically the dynamic resistance is given as the ratio of
change in voltage applied across the diode to the resulting change in the current flowing through it. This is
shown by the slope-indicating red solid lines and is expressed as

_ AW,
Al

Fq where A signifies a finite change in the quantity.
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following a few basic maneuvers of differential calculus. In general, 7p > I; in the
vertical slope section of the characteristics and

dly

dVy  Tx D

Substituting n = 1 for Ge and Si in the vertical-rise section of the characteristics, we
obtain

_ 11,600 _ 11,600
n

k = 11,600

and at room temperature,
ITg = Tc+ 273° = 25° + 273° = 298°
k _ 11.600

so that o = 3893
T 208
and b _ 33931,
dVp

Flipping the result to define a resistance ratio (R = F71) gives us

dVp _ 0.026

G?ID - ID
i 26 mV

= "‘f‘f = —_—
b Ge.si

Diode, DC and ac resistance
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ZENER DIODE

Zener diode is basically like an ordinary PN junction diode but normally operated in reverse biased condition. But
ordinary PN junction diode connected in reverse biased condition is not used as Zener diode practically. A Zener
diode is a specially designed, highly doped PN junction diode.



