


When a P-type semiconductor is joined to a N-type semiconductor such that
the crystal structure remains continuous at the boundary, the resulting

arrangementis called a PN junction diode or a semiconductor diode or a crystal
diode.

When a PN junction is formed, the
region has mobile holes (+) and

R Charged fons. Mobile Electron (Majority Carrier)

N region has mobile electrons (-) and
iImmobile positively charged ions.

The whole arrangement is electrically neutral.

For simplicity, the minority charge carriers are not shown in the figure.




After the PN junction diode is formed —

1) Holes from P region diffuse into N region due to difference in concentration.
11) Free electrons from N region diffuse into P region due to the same reason.
111) Holes and free electrons combine near the junction.

IvV) Each recombination eliminates an electron and a hole.

v) The uncompensated negative immobile ions in the P region do not allow any
more free electrons to diffuse from N region.

vi) The uncompensated positive iImmobile ions in the N region do not allow any
more holes to diffuse from P region.




Vil) The positive donor ions in the N region and the negative acceptor ions in the
P region are left uncompensated.

Vil Theregion containing the uncompensated acceptor and donor ions is called
‘depletion region’ because this region is devoid of mobile charges.

Since the region iIs having only immobile charges, therefore, this region is
also called ‘space charge region’.

IX) The N region is having higher potential than P region.
X) S0, an electric field is set up as shown in the figure.

X1) The difference in potential between P and N regions across the junction

makes It difficult for the holes and electrons to move across the junction.
'This acts as a barrier and hence called ‘potential barrier’ or ‘height of the
barrier’.

xi1) The physical distance between one side and the other side of the barrier is
called ‘width of the barrier’.

xii1) Potential barrier for Si is nearly 0.7 V and for Ge is 0.3 V.
X1v) The potential barrier opposes the motion of the majority carriers.

XVv) However, a few majority carriers with high Kinetic energy manage to
overcome the barrier and cross the junction.

xvi) Potential barrier helps the movement of minority carriers.




When the positive terminal of the battery is connected to P-region and negative
terminal 1s connected to N-region, then the PN junction diode is said to be
forward-biased.

1) Holes in P-region are repelled by +ve terminal of the battery and the free
electrons are repelled by —ve terminal of the battery.

I1) So, some holes and free electrons enter into the depletion region.
111) The potential barrier and the width of the depletion region decrease.

Iv) Therefore, a large number of majority carriers diffuse across the junction.

v) Hole current and electronic current are in the same direction and add up.




V) Once they cross the junction, the holes in N-region and the electrons in P-
region become minority carriers of charge and constitute minority current.

Vi) For each electron — hole recombination, an electron from the negative
terminal of the battery enters the N-region and then drifts towards the
junction.

In the P-region, near the positive terminal of the battery, an electron breaks
covalent bond in the crystal and thus a hole is created. The hole drifts
towards the junction and the electron enters the positive terminal of the
battery.

vil) Thus, the current in the external circuit is due to movement of electrons,
current in P-region is due to movement of holes and current in N-region is
due to movement of electrons.

viii) If the applied is increased, the potential barrier further decreases. As a
result, a large number of majority carriers diffuse through the junction and a
larger current flows.




When the negative terminal of the battery is connected to P-region and positive
terminal 1s connected to N-region, then the PN junction diode is said to be
reverse-biased.

1) Holes in P-region are attracted by -ve terminal of the battery and the free
electrons are attracted by +ve terminal of the battery.

I1) Thus, the majority carriers are pulled away from the junction.
111) The potential barrier and the width of the depletion region increase.

IvV) Therefore, it becomes more difficult for majority carriers diffuse across the
junction.




V) Butthe potential barrier helps the movement of the minority carriers. As
Soon as the minority carriers are generated, they are swept away by the
potential barrier.

Vi) At a given temperature, the rate of generation of minority carriers is constant.

VIl) SO, the resulting current is constant irrespective of the applied voltage. For
this reason, this current is called ‘reverse saturation current’.

VIIl) Since the number of minority carriers is small, therefore, this current is
small and is in the order of 10 A in silicon diode and 10 A in germanium
diode.

IX) The reverse — biased PN junction diode has an effective capacitance called
‘transition or depletion capacitance’. P and N regions act as the plates of the
capacitor and the depletion region acts as a dielectric medium.




i) Static or DC Resistance _

1) Dynamic or AC Resistance




