SOLID-STATE PHYSICS PRIMER A

The p-n Junction

The fundamental architectural block of <~
modern semiconductor electronics.

~ Exam Focus: NEET / JEE Physics



H1: Anatomy of the Interface
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Holes diffuse p = n, electrons

diffuse n = p.
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Drift

Electric Field: The exposed ions
create a field sweeping minority
carriers back across the junction.
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Depletion Region

Immobile Cores: Carrier migration
leaves behind a ~0.1 um thick space-
charge region of fixed ions.
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[ [Diffusion Current (Gradient)] 2 [Drift Current (Electric Field)] = Net Current = 0 J
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H1: The Universal Building Block
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Bipolar Junction Transistor
(3-Terminal)
(Amplification and Logic)

Junction Diode (2-Terminal)

(Rectification: allowing current in
only one direction)
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The p-n Junction
(The structural foundation)

L

TopAll

A

P

=

The Solid-State
Revolution

Replaced legacy vacuum
tubes. Vacuum valves were
bulky, required high
power/heat, and operated at
high voltages (~100V).

The p-n junction internalized
the flow of charge carriers
within the solid itself,
requiring no external heat or
evacuated space.
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H1: Controlling the Barrier (External Bias) A
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e Connection: p = (+)

» Barrier Height: Decreases to (VO - V)

n-=(-)

* Depletion Width: Shrinks

e Current Type: Diffusion (Minority Carrier Injection)

» Magnitude: High (~ mA)
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Reverse Bias
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e Connection:p - (-) | n > (+)

 Barrier Height: Increases to (VO + V)

» Depletion Width: Widens

o Current Type: Drift (Sweeping minority carriers)
 Magnitude: Low (~ PA)




QUICK REVIEW
H1: Key Takeaways Vo
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Dynamic Equilibrium: The %H|“ The Depletion Region: A
% junction forms through a balance ©H|ic  ~0. pm natural barrier of
of Diffusion (driven by immobile ion cores devoid of
concentration gradients) and Drift free charge carriers, creating
(driven by internal electric fields). the built-in potential (VO).
% Solid-State Foundation: The O Bias Dictates Flow: Forward
fundamental interface that bias lowers the barrier (VO - V)
makes diodes (rectification) and allowing milliampere flow.
transistors (amplification) Reverse bias raises the barrier
possible. (VO + V) restricting flow to

microamperes.
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