Today

Monday, April 6, 2020 4:42 PM

Exam 2 - April 9th (Thursday)
¢ | will send out at midnight US Central Time
Have 24 hours to complete
It should take you less than 2
Submit through Gradescope
Don't panic

Today
* Basic semiconductor physics

¢ Band gap energy
e The PN Junction
e Exam 2 Topics

Basic Semiconductor Physics
* PV devices use semiconductor materials to convert sunlight into
electricity
e Technology is similar to solid-state technologies used to make
transistors, diodes, and all other devices that we use today.
¢ Most PV generation devices are made out of pure crystalline

silicon.
13 14 15 16 17 18
Pnicto- Chalco- Halogens Noble
gens gens gases
Helium
2 . .
He Fourth group of the periodic table

=400 ¢ Includes Germanium, which is also widely used in devices

Boron Carbon Nitrogen Oxygen Fluorine Neon

5 6 7 8 9 10

B C N o F Ne
10.81 12011 14007 15999 18998  20.180

Alumin- Silicon Phos-  Sulfur Chlorine Argon
ium phorus
13 14 15 16 17 18

Al Si 2 S Cl Ar
26982 28085 30974 3206 3545 39.95

Gallium Germa- Arsenic Selenium Bromine Krypton
nium
31 32 33 34 35 36

Ga e s Se Br Kr
69723 72630 74922 78971  79.904 83798

Indium  Tin  Antimony Tellurium lodine  Xenon

49 50 51 52 53 54

In Te |
11482 11871 12176 12760 12690 13129

Lecture 17 Completed Page 1



Band Gap Energy

Monday, April 6, 2020 7:47 PM

Band Gap Energy

¢ At absolute zero temperature, silicon is a perfect electrical
insulator. There are no electrons free to roam around as there are
in metals
As temperature rises, some electrons are given enough energy to
free themselves from their nuclei, making them available to flow as
current.
The warmer they get, the more electrons are available to carry
current, so conductivity increases.
Silicon's conductivity at normal temperature is very low => it is
referred to as a semiconductor.

P ——% ~ * Conduction band
4 Cony iui.nm‘. band ' (empty at T = 0 K)
S partially filled) S
g g — e

> E, rbidden ban i
= | & } Forbidden band R 4 Forbidden band Fig 5.4
s &
5 ®
§ Filled band 5 Filled band
- § Gap
w B S——— w
} Filled band Filled band

(a) Metals (b) Semiconductors

We can use an energy band diagram (Fig 5.4).
¢ Electrons have energies that must fit within certain allowable
energy bands
At room temperature, only about 1 out of 10 electrons in silicon
exists in the conduction band
¢ The gaps between the allowable energy bands are called forbidden
bands. The most important one is the band between the last filled
band and the conduction band.
¢ The energy than an electron must acquire to jump across the
forbidden band is called the band-gap energy.
¢ The units for band-gap energy are usually eV (electron-volts),
where one eV is the energy that an electron acquires when its
voltage is increased by 1V (1 eV =1.6 x 10°)).
¢ The band-gap energy for silicon is 1.12 eV
o The energy required to free an electron from its own nucleus.
o In the case of a PV, this energy comes from the sun: photons of
electromagnetic energy
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The P-N Junction
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Exam 2 Review

Monday, April 6, 2020 7:44 PM
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