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Differences between Direct and Indirect band gap  materials

In semiconductor physics, the band gap of a semiconductor is always
one of two types, a direct band gap or an indirect band gap.

Th b d i ll d "di " if h f l dThe band gap is called "direct" if the momentum of electrons and
holes is the same in both the conduction band and the valence band; an
electron can directly emit a photon.

In an "indirect" gap, a photon cannot be emitted because the electron
must pass through an intermediate state and transfer momentum to the
crystal latticecrystal lattice.

The minimal-energy state in the conduction band and the maximal-
energy state in the valence band are each characterized by a certaingy y
crystal momentum (k-vector) in the Brillouin zone.

If the k-vectors are the same, it is called a "direct gap". If they are
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different, it is called an "indirect gap".



Interactions among electrons, holes, phonons, photons, and other particles are
required to satisfy conservation of energy and crystal momentum (i.e.,
conservation of total k-vector).

A photon with an energy near a semiconductor band gap has almost zero
momentum One important process is called radiative recombination where anmomentum. One important process is called radiative recombination, where an
electron in the conduction band annihilates a hole in the valence band, releasing
the excess energy as a photon. This is possible in a direct band gap
semiconductor, if the electron has a k-vector near the conduction band minima
(the hole will share the same k-vector), but not possible in an indirect band gap
semiconductor, as photons cannot carry crystal momentum, and thus
conservation of crystal momentum would be violated.
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A light emitting diode (LED) is essentially a PN junction opto-A light emitting diode (LED) is essentially a PN junction opto
semiconductor that emits a monochromatic (single color) light when
operated in a forward biased direction.

LEDs convert electrical energy into light energy They are frequentlyLEDs convert electrical energy into light energy. They are frequently
used as "pilot" lights in electronic appliances to indicate whether the
circuit is closed or not.
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The most important part of a light emitting diode (LED) is the semi-
conductor chip located in the center of the bulb as shown at the right. The
chip has two regions separated by a junction. The p region is dominated
by positive electric charges, and the n region is dominated by negative
electric charges. The junction acts as a barrier to the flow of electrons
bet een the and the i Onl hen s fficient oltage is appliedbetween the p and the n regions. Only when sufficient voltage is applied
to the semi-conductor chip, can the current flow, and the electrons cross
the junction into the p region.
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When sufficient voltage is applied to the chip
across the leads of the LED, electrons can move
easily in only one direction across the junctioneasily in only one direction across the junction
between the p and n regions.

In the p region there are many more positive than
negative chargesnegative charges.

When a voltage is applied and the current starts to
flow, electrons in the n region have sufficient
energy to move across the junction into the penergy to move across the junction into the p
region.

Each time an electron recombines with a positive
charge electric potential energy is converted intocharge, electric potential energy is converted into
electromagnetic energy.

For each recombination of a negative and a positive
charge a quantum of electromagnetic energy ischarge, a quantum of electromagnetic energy is
emitted in the form of a photon of light with a
frequency characteristic of the semi-conductor
material (usually a combination of the chemical
l lli i d h h )
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elements gallium, arsenic and phosphorus)..



CCoolloouurrss ooff LLEEDDss
LEDs are made from gallium-based crystals
that contain one or more additional materials
such as phosphorous to produce a distinct
color. Different LED chip technologies emit
light in specific regions of the visible light
spectrum and produce different intensity
levels

LEDs are available in red, orange, amber, yellow, green, blue and white. Blue
and white LEDs are much more expensive than the other colours. The colour
of an LED is determined by the semiconductor material not by the colouring

levels.

of an LED is determined by the semiconductor material, not by the colouring
of the 'package' (the plastic body). LEDs of all colours are available in
uncoloured packages which may be diffused (milky) or clear (often described
as 'water clear'). The coloured packages are also available as diffused (the
standard type) or transparent.
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Examples of Substrate/semiconductor p n diode/visible light producesExamples of Substrate/semiconductor p-n diode/visible light produces

GaAsP / GaAs 655nm / Red 
GaP 568nm / Yellow Green 
GaP 700nm / Bright Red 
GaAsP / Gap 610nm / Amber p
GaP 555nm / Pure Green 

GaAsP / GaP 655nm / Hi-Eff.Red

GaP 568nm / Yellow GreenGaP 568nm / Yellow Green
GaA1As / GaAs 660nm /  Red 
InGaA1P 574nm / Ultra Green
I G A1P 574 /Ult GInGaA1P 574nm/Ultra Green 
InGaA1P 620nm / Ultra Orange 
InGaA1P 595nm / Ultra Yellow 
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HHowow MMuchuch Energy Does an LED Emit?Energy Does an LED Emit?
The energy (E) of the light emitted by an LED is related to the electric charge

(q) of an electron and the voltage (V) required to light the LED by the expression:

E V J lE = qV Joules. 

This expression simply says that the voltage is proportional to the electric
energy, and is a general statement which applies to any circuit, as well as to
LED' Th t t i th l t i h f i l l t 1 6 10 19LED's. The constant q is the electric charge of a single electron, -1.6 x 10-19

Coulomb.
Suppose you measured the voltage across the leads of an LED, and you wished

to find the corresponding energy required to light the LED Let us say that youto find the corresponding energy required to light the LED. Let us say that you
have a red LED, and the voltage measured between the leads of is 1.71 Volts. So
the Energy required to light the LED is

E = qV or E = -1 6 x 10-19 (1 71) JouleE  qV or E  1.6 x 10 (1.71) Joule,

since a Coulomb-Volt is a Joule. Multiplication of these numbers then gives

E = 2.74 x 10-19 Joule. 
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LEDLED PerformancePerformance

Color

LED performance is based on a few primary characteristics:

Color
White light
Intensity
E f t i f tiEye safety information
Visibility
Operating Life
Voltage/Design Current

Basics of  LED’S by  Dr.T.Vishwam 11



Colour

Peak wavelength is a function of the LED chip material. Although process
variations are ±10 nm the 565 to 600 nm wavelength spectral region is where thevariations are ±10 nm, the 565 to 600 nm wavelength spectral region is where the
sensitivity level of the human eye is highest. Therefore, it is easier to perceive color
variations in yellow and amber LEDs than other colors.
White Lightg
When light from all parts of the visible spectrum overlap one another, the additive
mixture of colors appears white. However, the eye does not require a mixture of all
the colors of the spectrum to perceive white light. Primary colors from the upper,
middle, and lower parts of the spectrum (red, green, and blue), when combined,
appear white.
Intensity
LED light output varies with the type of chip encapsulation efficiency of individualLED light output varies with the type of chip, encapsulation, efficiency of individual
wafer lots and other variables. Several LED manufacturers use terms such as "super-
bright," and "ultra-bright“ to describe LED intensity. Such terminology is entirely
subjective, as there is no industry standard for LED brightness.

The need to place eye safety labeling on LED products is dependent upon the product
design and the application. Only a few LEDs produce sufficient intensity to require

Eye Safety
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design and the application. Only a few LEDs produce sufficient intensity to require
eye safety labeling. However, for eye safety, do not stare into the light beam of any
LED at close range



Luminous intensity (Iv) does not represent the total light output from an LED.
Both the luminous intensity and the spatial radiation pattern (viewing angle) must

Visibility

y p p ( g g )
be taken into account. If two LEDs have the same luminous intensity value, the
lamp with the larger viewing angle will have the higher total light output.
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Because LEDs are solid-state devices they are not subject to catastrophic failure

Operating Life

when operated within design parameters. DDP® LEDs are designed to operate
upwards of 100,000 hours at 25°C ambient temperature.

Operating life is characterized by the degradation of LED intensity over time.
h h d d h lf f i i i l i i f 100 000 h i iWhen the LED degrades to half of its original intensity after 100,000 hours it is at

the end of its useful life although the LED will continue to operate as output
diminishes. Unlike standard incandescent bulbs, DDP® LEDs resist shock and
vibration and can be cycled on and off without excessive degradation.y g .

Voltage/Design Current

LEDs are current-driven devices, not voltage driven. Although drive current andLEDs are current driven devices, not voltage driven. Although drive current and
light output are directly related, exceeding the maximum current rating will
produce excessive heat within the LED chip due to excessive power dissipation.
The result will be reduced light output and reduced operating life.

LEDs that are designed to operate at a specific voltage contain a built-in current-
limiting resistor. Additional circuitry may include a protection diode for AC
operation or full-bridge rectifier for bipolar operation. The operating current for a

ti l lt i d i d t i t i LED li bilit it ti lif
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particular voltage is designed to maintain LED reliability over its operating life.



Some Types of LEDs

Bargraph 7-segment Starburst Dot matrix
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Color NameColor Name WavelengthWavelength
(Nanometers)(Nanometers)

SemiconductorSemiconductor
CompositionComposition(Nanometers)(Nanometers) CompositionComposition

InfraredInfrared 880880 GaAlAs/GaAsGaAlAs/GaAs
Ultra RedUltra Red 660660 GaAlAs/GaAlAsGaAlAs/GaAlAs
S R dS R d 633633 AlG I PAlG I PSuper RedSuper Red 633633 AlGaInPAlGaInP

Super OrangeSuper Orange 612612 AlGaInPAlGaInP
OrangeOrange 605605 GaAsP/GaPGaAsP/GaP
YellowYellow 585585 GaAsP/GaPGaAsP/GaP

IncandescentIncandescent
WhiteWhite 4500K (CT)4500K (CT) InGaN/SiCInGaN/SiC

Pale WhitePale White 6500K (CT)6500K (CT) InGaN/SiCInGaN/SiC

Cool WhiteCool White 8000K (CT)8000K (CT) InGaN/SiCInGaN/SiC

Pure GreenPure Green 555555 GaP/GaPGaP/GaPPure GreenPure Green 555555 GaP/GaPGaP/GaP

Super BlueSuper Blue 470470 GaN/SiCGaN/SiC

Blue VioletBlue Violet 430430 GaN/SiCGaN/SiC
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UltravioletUltraviolet 395395 InGaN/SiCInGaN/SiC



MaterialMaterial Wavelength Wavelength 
(µm)(µm) MaterialMaterial Wavelength Wavelength 

(µm)(µm)

ZnSZnS 0 330 33 GaAsGaAs 0 840 84--0 950 95ZnSZnS
ZnOZnO
GanGan
ZnSeZnSe

0.33 0.33 
0.370.37
0.400.40
0.460.46

GaAsGaAs
InPInP

GaSbGaSb
InAsInAs

0.840.84--0.950.95
0.910.91
1.551.55
3.13.1

CdSCdS
ZnTeZnTe
GaSeGaSe

0.490.49
0.530.53
0.590.59

TeTe
PbSPbS
InSbInSb

3.723.72
4.34.3
5.25.2

CdSeCdSe
CdTeCdTe

0.6750.675
0.7850.785

PbTePbTe
PbSePbSe

6.56.5
8.58.5
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