Semiconductor Devices
Spring 2019

Lecture 4



This Lecture

* Reading
-4.1-4.5 PN and Metal Semiconductor Junctions
e Concepts:

- Joining different materials together (p & n or
semiconductor and metal)

- Two terminal devices, diode, solar-cell, LED (laser),
schottky diode, protection circuits (LV), blocking (HV)

- Some physics including neutral regions, depletion,
poisson’s equation




4.1 Building Blocks of the PN Junction Theory
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4.1.1 Energy Band Diagram of a PN Junction
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4.1.2 Built-in Potential
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4.1.2 Built-in Potential
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4.1.3 Poisson’s Equation

Gauss’s Law: |
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4.2 Depletion-Layer Model
4.2.1 Field and Potential in the Depletion Layer
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4.2.1 Field and Potential in the Depletion Layer

Neutral Region Diepleftion Layer Neutral Region
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The electric field 1s continuous at x = 0.

N, |xp| = Nylxp)|

Which side of the junction 1s depleted more?

A one-sided junction 1s called a N*P junction or P"N junction
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4.2.1 Field and Potential in the Depletion Layer

On the P-side,
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4.2.2 Depletion-Layer Width
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EXAMPLE: A P*N junction has N,=10° cm> and N,
=10"cm>. What is a) its built in potential, )W, , c)xy,
and d) xp ?

Solution:

20 17 -6
Y g, = LinNalVa _ g 026y 1p 0 X107 em 4y

q n 10 cm™*

2ed. (2x12x8.85x10 7 x1) "
o Wiep = P 19 1007 =0.12 pm
gN, 1.6x10"° %10

¢) |xy|=W,, =0.12um

d)|xp| =|xy| N, /N, =12x10"um =12 A~ 0
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4.3 Reverse-Biased PN Junction

— E 26 (@, + |V ) 2¢, - potential barrier
¢ Wd = =
IQ%i / & gN gN
E, ,

1 1 1 1

— + ~
N N, N, lighter dopant density

(b) reverse-biased
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4.5 Junction Breakdown
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A Zener diode 1s designed to operate in the breakdown mode.
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4.5.1 Peak Electric Field
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4.5.2 Tunneling Breakdown

Dominant if both sides of
a junction are very heavily
doped.
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4.5.3 Avalanche Breakdown

electron-hole
pair generation

original ,
electron hole, which can also cause

 impact ionization: an energetic
electron generating electron and

impact 1onization.

 Impact 1onization + positive
feedback—2>avalanche breakdown
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4.4 Capacitance-Voltage Characteristics
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4.4 Capacitance-Voltage Characteristics

dep A ® ® ® Capacitance data

Slope = 2/gN ESAZ

> /.

— Dy Increasing reverse bias
e

* From this C-V data can N, and N, be determined?

Slide 4-19



EXAMPLE: If the slope of the line in the previous slide is
2x10% F-2 VL the intercept is 0.84V, and A is 1 um?, find the
lighter and heavier doping concentrations N, and N, .

Solution:

N, =2/(slopexqe A*)
=2/(2x107 x1.6x107"" x12x8.85x107"* x10~*cm?)

—6x10"” ¢cm™

> ady 0 084
¢b,~=kT1nNh]2vl — th%ekT =%eo-(’26=1.8><1018 cm™
q 1, ! X

* [s this an accurate way to determine N,? N, ?
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Summary

e Concepts:

- Joining different materials together (p & n or
semiconductor and metal)

- Two terminal devices, diode, solar-cell, LED (laser),
schottky diode, protection circuits (LV), blocking (HV)

- Some physics including neutral regions, depletion,
poisson’s equation

* Reading for tomorrow
- 4.6-9
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