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* Pentavalent impurities

* Have five valence electrons

 Examples include arsenic (As), antimony (Sb), bismuth (Bi), nitrogen
(N), and phosphorus (P)

* When added to a semiconductor, they contribute extra electrons,
making the semiconductor n-type

* Also known as donor impurities
* Trivalent impurities
* Have three valence electrons

* Examples include aluminum (Al), gallium (Ga), indium (In), and
boron (B)

 When added to a semiconductor, they create "holes" (positive
charge carriers), making the semiconductor p-type



How it Works 7
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P-N Junction

Inside a semiconductor, a p-n junction is an interface or a border

between two semiconductor material types, namely the p-type
and the n-type.

The semiconductor’'s p-side, or positive side, has an excess of
holes, whereas the n-side, or negative side, has an excess of

electrons. The doping process is used to produce the p-n junction
in @ semiconductor.
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Theoretical concept

* As we all know, the concentration of holes and electrons on the two sides
of a junction differs, with holes from the p-side diffusing to the n-side and
electrons from the n-side diffusing to the p-side. This causes a diffusion
current to flow across the connection.

When an electron diffuses from the n-side to the p-side, it leaves an ionized donor on the n-side,
which is stationary. On the n-side of the junction, a layer of positive charge develops as the process
progresses. When a hole is moved from the p-side to the n-side, an ionized acceptor is left behind
on the p-side, causing a layer of negative charges to develop on the p-side of the junction. The
depletion area is defined as a region of positive and negative charge on each side of the junction.
An electric field direction from a positive charge to a negative charge is generated due to this
positive space charge area on each side of the junction. An electron on the p-side of the junction
travels to the n-side of the junction due to the electric field. The drift is the name given to this
motion. We can observe that the drift current runs in the opposite direction as the diffusion current.



Biasing Conditions for P-N Junction Diode @!‘

* In a p-n junction diode, there are two operational regions:
* p-type
* n-type

* The voltage applied determines one of three biasing conditions for p-n
junction diodes:

* There is no external voltage provided to the p-n junction diode while it is
at zero bias.

* Forward bias: The p-type is linked to the positive terminal of the voltage
potential, while the n-type is connected to the negative terminal.

* Reverse bias: The p-type is linked to the negative terminal of the voltage
potential, while the n-type is connected to the positive terminal.



VI Characteristic of
PN Junction Diode

Shockley’ Equation
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EXAMPLE 1.1 At a temperature of 27°C (common temperature for components in an
enclosed operating system), determine the thermal voltage V.

T =273 +°C =273 +27 = 300K
kTx (138 X 1072 J/K)(30 K)
q 1.6 X 1071°¢C

= 25.875mV = 26 mV

The thermal voltage will become an important parameter in the analysis to follow in this
chapter and a number of those to follow.
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