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OBJECTIVE

BREAKDOWN IN 
DIODESDIODES



• When an ordinary P-N junction diode is
reverse biased, normally only very small
reverse saturation current flows.reverse saturation current flows.

• This current is due to movement of
minorit carriers It is almost independentminority carriers. It is almost independent
of the voltage applied.

• However, if the reverse bias is increased,
a point is reached when the junctiona point is reached when the junction
breaks down and the reverse current
increases abruptlyincreases abruptly.



• Reverse current could be large enough to destroyReverse current could be large enough to destroy
the junction.

• If the reverse current is limited by means of a
suitable series resistor, the power dissipation atp p
the junction will not be excessive, and the device
may be operated continuously in its breakdown

i t it l ( t ti ) l lregion to its normal (reverse saturation) level.

• Breakdown voltage is very stable over a wide
range of reverse currents. This quality gives
the breakdown diode many useful applications asthe breakdown diode many useful applications as
a voltage reference source.





• The critical value of the voltage, at which
the breakdown of a P-N junction diode
occurs is called the breakdown voltage.

• The breakdown voltage depends on the
width of the depletion region which inwidth of the depletion region, which, in
turn, depends on the doping level. The
junction offers almost zero resistance atjunction offers almost zero resistance at
the breakdown point



Zener breakdown andZener breakdown and 
Avalanche breakdown:

• There are two mechanisms by which breakdown 
can occur at a reverse biased P-N junction :can occur at a reverse biased P-N junction :

• Avalanche breakdown and• Avalanche breakdown, and

Zener breakdown• Zener breakdown.



• The minority carriers, under reverse biased
diti fl i th h th j ti iconditions, flowing through the junction acquire a

kinetic energy which increases with the increase in
reverse voltagereverse voltage.

• At a sufficiently high reverse voltage (say 5 V or
more), the kinetic energy of minority carriers
b l th t th k k t l tbecomes so large that they knock out electrons
from the covalent bonds of the semi-conductor
materialmaterial.



• As a result of collision, the liberated electronsAs a result of collision, the liberated electrons 
in turn liberate more electrons and the current 
becomes very large leading to the breakdown 
of the crystal structure itself. This phenomenon 
is called the avalanche breakdown.

• Under a very high reverse voltage, the 
d l ti i d d th t ti ldepletion region expands and the potential 
barrier increases leading to a very high electric 
field across the junctionfield across the junction.



• Because of that, the electric field will break some,
of the covalent bonds of the semiconductor atoms
leading to a large number of free minority carriers,g g y
which suddenly increase the reverse current. This
is called the Zener effect.

• The breakdown occurs at a particular and constantp
value of reverse voltage called the breakdown
voltage, it is found that Zener breakdown occurs at
electric field intensity of about 3 x 10^7 V/m.



• Either of the two (Zener breakdown or
l h b kd )avalanche breakdown) may occur

independently, or both of these may occur
i lt lsimultaneously.

• Diode junctions that breakdown below 5 V
are caused by Zener effect. Junctions thaty
experience breakdown above 5 V are
caused by ava-lanche effect..y


