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PN JUNCTION N

P - N JUNCTION DIODE

P - N junction diode is formed by simply bringing two materials together. EETEE.

The plane dividing the two sides is called junction. On one side of the §
junction there is P type material and on other side there is N - type materi
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Fig. 12 : Current in Forward Bias.
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Reverse Biased P - N Junction Diode
in this case . holes are attracted by the negative terminal of battery and free

electrons in N - region are attracted by positive terminal of the battery. There-

fore both holes and electrons move away from the junction and away from

each other. Since no charge carrier is able to cross the junction , no current

flows. Another way to understand effect of large number of free electrons
moving towards positive terminal of battery is due to increase in positive in
positive immobile ions increases in the depletion region of N - side . For the
similar reason number of negative immobile ions also increases on P - side.
The net result therefore is widening of depletion layer . This widened deple-
tion layer will have such a great barrier potential difficult to overcome by
majority carriers. Therefore no majority charge carrier (electrons or holes)

can cross the junction hence there will be no current due to majority carriers.
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However, the minority carriers (i.e. holes in N - region and electrons in P -
region) present in either side of P - N junction receives forward bias from the
applied reverse voltage. In addition, the high barrier potential caused by
widening of depletion layer helps electrons inmn P - side and holes in N - side
to flow across the junction.

A< the number of minority carriers is small , a very small current results due
to such movement of minority carriers. This small current flowing in the circuit
in reverse biased condition is called reverse _saturation current (1). Generation
of minority carrier depends on thermal generatlon, hence reverse saturation
current (I,) depends on temperature and it is indepencﬁnt of applied reverse
voltage. If temperature is constant , reverse saturation current is also con-
stant. It is of the order of uA for Ge diode and_nA for Si diode.

BEreak down of Diode in Reverse condition

Application of reverse voltage widens the depletion layer resulting in large

number of positive immobile ions on N - side and large negative immobile

ions on P - side and.thus increased barrier potential (Vy).This increased Vg
causes cross over of minority carriers. ]

Now if applied reverse voltage is increased velocity of minority carriers in-
creases . Kinetic energy associated with minority carriers . These carriers
collide with the stable atoms and impart their energy to valance B’E"-"t"ﬂ"s-




Due to gaining energy these wvalance electrons break covalent bonds and
jump to conduction band, and available as minorty carriers.

Now these minority carmiers due to high reverse voltage get accelerated and
breaks more covalent bonds . In this way a chain reaction starts, which results
in a large number of minority carriers. These large number of minority carrier
gives rise to a large rewverse current at a certain reverse voltage. This condi-
tion is known as break down and the value to reverse voltage at which break
down of P - N _junction diode in reverse bias condition is called avaiaﬂchlc
breakdowmn of P - N junction

Diode Eguation

vi1 characteristics of a PN Junction Diode. gives its response when connected
in circuit. The characteristic is the graph between the voltage across diode to
the current through it.

In forward bias condition, until the voltage applied across diode reaches the
cut - in voltage V_. no significant amount of current flows through the diode.
This voitage V, refers to the contact potential of the diode and is called knee
voltage or cut - in voltage. The walue of cut - in - voltage is 0.3V for Ge _and
E)__?'V for Si.
Once the applied voltage across diode becomes greater than its cut - in volt-
age, the current begins to flow through the diode. The variation of current through
the diode with the applied voltage is given by the mathematical relation.

e 1)

wWhere | = Current through diode

1, = reverse saturation current
v = Applied voltage
= constant (n = 1 for Ge and n = 2 for Si)
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Fig.14 VI characteristics of PN junction diode :
Reverse bias voltage is considered negative and the reverse saturation cur-
rent is that due to minority carriers and is opposite to forward current nencs :
the graph is plotted in third quadrant for reverse biased PN dicde.
In reverse biased condition, as soon as the applied voltage rises above ze©

volts, the reverse current rises to its maximum or saturation vah;ewﬂd'lﬁm
small (vA) and remains constant for a constant temperature.

For reverse bias voltage |v| << v, , the equation reduces to I1=1,. Hol'!lﬂ““

voltage V, breakdown voltage, large amount of reverse current flows W
destroy the diode. :

Mathematically diode equation is given as

1=, (ev=~ —q)




The value of M = for (e diodes and

N = 2 for Si diodes.
Femner diodes

—aener diodes are designmned to opeaerate in the
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reverse break occur in a junction diode by two differaent mechas-
Aalsrm. They arese Zenael break down and avalanche break doswni.
Fener diode i=s a heawvily doped junction diode foabricated with
A owm woltages, ranging from

=23 volts to 200 volts
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BEreak - dowwm
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Fener diode operate in hwo type=s of breakdowwmnm regicomn:-
d_“fx‘__z'_p-rler breakdown or Field lonization

Fener breakdown seerms o o
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ticom layer thickness becormes very =rmall. Bacause of this
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Fig-16 Heavily Doped PR Diode
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ionization, a large reverse




current is produced at low reverse voltage applied -

After the breakdown, reverse curpent through the junction is independent of the
applied voltage, it is limited by external resistance. The voltage at which break
down occurs remains stable. Hence zener diodes are used in regulator circuits.

_Avalanche Breakdown or Impact lonization

~JLI‘—-.’uew.-ferse breakdown may also take place by avalanche effect . This occurs in
diodes where the junction thickness is quite large reverse voltage is increased
kinetic energy associated- w%—mlnorlti_g_@ghatsalso_mcreases

Wider depletion layer

Fig-17
These carriers strikes the stable atoms, and impart their energy to valance
electrons. Due to this energy, valance electron breaks the covalent bond and
Jump to conduction band and becomes avallap’a_e_a_s‘ﬂnonty carriers. These

add1t|onal minority carriers again gets accelerated due to __high reverse . volt-
AN el S
age and break more_covalent ‘bonds. Due to such - a chain reactnon with in a

Shc:-rt period of time, a large number of electron - hol.e pairs are produced
the reverse_current constant at this breakdown value.

and

Vi characteristics of a zener diode

The VI characteristics of a zener diode where in reverse bias, the current

increases abruptly after zener voltage V,. The characteristic curve in forward
bias is same as that for PN - Junction diode.
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Fig-18 characteristic Curve of Zener Diode.
APPLICATIONS OF ZENER DIODE -

Zener diode exhibit a constant reverse breakdown vgltaga. This characteristic
makes it useful in voltage regulating circuits.

Zener diodes can be used as clipper.

Zener diodes are used in applications where constant voltage is maintained
between the two points in a circuit.
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