Chapter 6

THE LIGHT EMITTING
DIODE




When the electron —

falls down from
conduction band and
fils Iin a hole In
valence band, there is
an obvious loss of
energy.

ere does that energy goi_



In order to achieve a —

reasonable efficiency
for photon emission,
the semiconductor
must have a direct
band gap.

ehind photon emission in LEDs?




Silicon indirect band-gap
material.
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It must also undergo a
significant change in
momentum.




The ftransition also creates a
quantized set of lattice vibrations

called phonons  "heat"







direct band-gap
semiconductors

change in momentum
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t emitting diode (LED).




Mechanism behind photon
emission in LEDs?




Producing photon
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Method of injection
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Notice that:




MATERIALS FOR LEDS
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a semiconductor with a 2 eV band-gap
light at about 620 nm
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Properties of InGaN

L s~ white light source

wavelengths.

emitting lots of



Properties of InGaN

In a graded material

material changes slowly from InN to
GaN




GaN

Concentration:

Band gap:

Wavelength of
photons:

Part of the
electromagnetic
spectrum:

INN





















A number of the important LEDs are based on the GaAsP system.
is a direct band-gap S/C with a band gap of (
).
is an indirect band-gap material with a band gap of

).
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Materials for visible wavelength LEDs




Red LEDs

p-GaAsP region

N-GaAsP P =40 %

N-GaAs substrate
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|Isoelectronic Centre




How isoelectronic centres work?




Isoelectronic
centre
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Orange-Yellow & Green LEDs




Blue LEDs
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Blue LEDs
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Gallium Nitride (GaN)
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Wavelength Semiconductor
(Nanometers) Composition

Infrared 880 GaAlAs/GaAs
Ultra Red 660 GaAlAs/GaAlAs
Super Red 633 AlGalnP
Super Orange 612 AlGalnP
Orange 605 GaAsP/GaP
Yellow 585 GaAsP/GaP

Incandescent
White

Pale White 6500K (CT) InGaN/SiC
Cool White 8000K (CT) InGaN/SiC
Pure Green 555 GaP/GaP
Super Blue 470 GaN/SiC

Color Name

4500K (CT) InGaN/SiC

Blue Violet 430 GaN/SiC
Ultraviolet 395 InGaN/SiC




Material

VAR

Zn0O

Gan
ZnSe

CdS
ZnTe
GaSe
CdSe
CdTe

Wavelength

(Mm)
0.33
0.37
0.40
0.46
0.49
0.53
0.59
0.675
WL

Material

GaAs
InP
GaSb
InAs
Te
PbS
InSb
PbTe
PbSe

Wavelength

(Mm)

0.84-0.95

0.91
i=5to
3
SE
4=
7
6.5
8.5




