Light Sources

*LED - Light Emitting Diode



Light Emitting Diode
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Advantages of LED Lighting

Lifetime - Lifetime can exceed 50,000 Hours as compared to
1,000 Hours for Tungsten bulbs

Robustness - No moving parts, No filaments, No glass
Size - Typical package is 5 mm in diameter

Energy Efficiency - 50-90% less energy used translated into
smaller power supply.

Toxicity - No Mercury or Lead.

Versatility - available in a variety of colours and can be
pulsed

Cool - Less radiant heat than HID or Incandescent types
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Energy Usage Comparison
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Luminous Performance
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Current LED Market 2 B$/Yr
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LED in Architectural Lighting

Aspire Tower, Doha, Qatar Takarazuka University, Japan
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Car Headlights
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Portable Desk/Task Lighting
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Outdoors
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Air/Water Purification System
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Costs associated with various white

ELEC4105

lighting

Incandescence

luminous efficacy: low (16Im/W)
light bulbs: inexpensive (0.4%/klm)
very short lifetime (1,000hrs)

Fluorescence

luminous efficacy: high (85Im/W)
long lifetime (10,000 hrs)

High-Intensity Discharges

luminous efficacy: high (90Im/W)
long lifetime: (20,000 hrs)

Solid State Lightning (LED)

high luminous efficacy (>60Im/W)
extremely long lifetime: (>100,000 hrs)
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Luminous Efficacy

Luminous efficacy is a property of light sources, which
indicates what portion of the emitted electromagnetic
radiation is usable for human vision. It is the ratio of emitted
luminous flux to radiant flux. Luminous efficacy is related to
the overall efficiency of a light source for illumination, but the
overall lighting efficiency also depends on how much of the
input energy is converted into -electromagnetic waves
(whether visible or not).

‘In SI, luminous efficacy has units of lumens per watt (Im/W).
Photopic luminous efficacy has a maximum possible value of
683lm/W, for the case of monochromatic light at a wavelength
of 555nm (green). Scotopic luminous efficacy reaches a
maximum of 1700lm/W for narrowband light of wavelength
507 nm.
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Luminous Efficiency Comparison

Type Luminous efficacy Luminous efficiency
(Im/W)
Class M star ( , 30 4%
), 3000 K
ideal radiator at  47.9 7.0%
4000 K
Class G star (Sun, ), 80 12%
5800 K
natural 93 14%
ideal black-body radiator at 99 14%
7000 K
ideal white light source 242.5 39.9%
ideal monochromatic 555 nm 683 100%
source
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Flux

The lumen(symbol: Im) is the SI unit of
luminous flux, a measure of the perceived
power of light. Luminous flux differs from
radiant flux, the measure of the total
power of light emitted, in that luminous
flux is adjusted to reflect the varying
sensitivity of the human eye to different
wavelengths of light

ELEC4105 Slide Set 4 15



LED Principles

If forward bias V is applied » voltage drop mainly occurs across the

depletion region » Built-in potential Vo is reduced to Vo-V. » Allow the
electrons from n+ side to diffuse (or become injected), into the p-side

The hole injection component from p- into n+ side is much smaller.

The recombination of injected electrons in the depletion region as well as
in the neutral p- side results in photons emission.

Recombination mainly occurs inside depletion region and within a volume
extending over the diffusion length Le of the electrons in the p- side.
Recombination zone is called active region.

The phenomenon of light emission from EH pair recombination as result of
minority carrier injection is called injection electroluminescense.
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LED Structure

The p- side is on the surface from which light is
emitted as is therefore made narrow (a few microns)
to allow the photon to escape without being
reabsorbed.

The n- side is heavily doped to ensure that the most of
the recombination takes place in the p- side.

The photons which are emitted toward the n- side
become either absorbed or reflected back at the
substrate interface depending on the substrate
thickness and the exact structure of the LED.
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Illustration of typical planar surface
emitting LED devices

Light output Light output

Insulator (oxide)

Epitaxial layers I Epitaxial layer

mm Metal electrode

p-layer grown epitaxially on First n+ is epitaxially grown and then p
an n+ substrate region is formed by dopant diffusion into

the epitaxial layer
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Inner Workings of a LED
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Radiative vs. Non-radiative
Recombination
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Recombination Mechanisms
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Radiative Recombination
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LED Electrical Basics
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Diode IV Characteristics
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LED Structure
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LED Structure
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Light output

Substrate

Some light suffers
total internal
reflection and
cannot escape

LED Structure

L@H Domed

senuconductor

Electrodes

Plastic dome

pi Junction

Electrodes

Internal reflections can be reduced An economic method of
and hence more light can be collected allowing more light to

by shaping the semiconductor into a escape from the LED is
dome so that the angles of incidence  to encapsulateitin a

at the semiconductor-air surface are  transparent plastic dome
smaller than the critical angle
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Methods for Generating white light
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LED Materials

There are various direct bandgap semiconductor materials that can be
readily doped to make commercial pn juction LEDs that emit radiation in
the red and infrared range of wavelengths.

Class of commercial semiconductor materials that cover visible spectrum 1s

the ITI-V ternary alloyvs (three elements) based on alloving GaAs and GaP.

which are denoted as GaAs,; P

When y < 0.45, this alloy i1s a direct bandgap semiconductor and hence the
EHP recombination process is direct (fig. a).

The emitted wavelengths are 630 nm (v = 0.45) — 870 nm (y = 0).

For indirect bandgap. v = 0.45, EHP recombination processes occur
through recombination centers and invlve lattice vibrations (phonon).

Isoelectronic impurities. such as nitrogen (in the same group V as P) =2
some N atoms substitute for P atoms.
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LED Materials

Positive nucleus of N is less shielded = conduction electron in the
neighborhood of an N atom will be attracted and may traped at this site. =2

N atom then have localized energy levels. or electron traps. Ey;. near the
conduction band (fig b).

The trapped electron then can attract a hole in its vicinity = recombine
with it and emit a photon.

The emitted photon energy is slightly less than E,.

The recombination process depends on N doping =2 less efficient.
Mainly used from green, yellow. and orange LEDs.

Two types of blue LED materials: GaN alloy (InGaN) and Al doped SiC.

The localized energy level captures a hole from the valence band and a

conduction electron then recombines with this hole to emit a photon (fig ¢).

More efficient blue LEDs using direct bandgap compound II-VI
semiconductors, such as ZnSe.
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LED Materials

Color (nm) (V) Semi-conductor Material
> 760 V=19 (GaAs)
(AlGaAs)
610 < ) < 760 163=p <203 (AlGaAs)
(GaAsP)
(AlGalnP)
590 < ) <610 2,03 <4V =<210 (GaAsP)
(AlGalnP)
570 =< <590 210 < pV <218 (GaAsP)
(AlGalnP)
500 < ) < 570 2,18 = pAV < 4,0 (InGaN) / (GaN)
(GaP)
(AlGalnP)
(AlGaP)
450 < ) < 500 2,48 < AV < 3,7 (ZnSe)
(InGaN)
(SiC) as substrate
(Si) as substrate — (under development)
400 < ) < 450 2,76 <V <40 (InGaN)
A< 400 J1<paV<44d (C)
(AIN)
(AlGaN)
(AlGalnN) — (down to 210 r‘.n’ll[?[lﬂTiI
Broad spectrum AV =35 Blue/UV diode with phosphor
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LED Materials

Other various commercial direct bandgap semiconductor material that emit

the red and infrared wavelengths: ternary. quartenary alloys based on III
and V elements.

Emitted radiation ranges from 640 — 870 nm (from deep red light to
infrared).

External efficiency ... ©f an LED: efficiency of conversion of electrical
energy into an emitted external external energy.

_ P (Optical)

T esctermal = == « 100%

The input power: product of diode current and voltage.
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LED External Conversion Efficiency

The external power or conversion efficiency 7, 15 defmed as

. = ﬂ:ticalpﬂwﬂ output _ ;Pi'.
BXI

~ Electrical powWer input IV

One of the major factors reducing the external power efficiency 1s the loss of photons in

extracting the emitted photons which suffer reabsorption in the pn junction materials,
absorption outside the semiconductors and various reflections at interfaces.

The total light output power from a parficular AlGaAs red LED 1s 2.5 mW when the
current 15 50 mA and the voltage 1s 1 6 V.

Calculate its external conversion efficiency.

Solution

P 25x10° W
IV (50x107 A)(1.6 V)

Mo =0.03125 = 3.125 %
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LED Characteristics

Wavelength vs. Typical Materials

Materials Wavelength Color
GalnN 370
GalnN 430
GalnN 525

InGaAIP/GaAs 562
InGaAIP/GaAs 574
InGaAIP/GaP 590
InGaAlP G4
GaAlAs/GaAs 660
GaP/GaP 700
GaAlAs 380
GaAs 240
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Historical Development of LEDs
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Quaternary alloy Example

InGaAsP on InP substrate
The quatemaryalloy I Gad s, P, grown on an InP crystal substrate 15 a suitable commercial
semiconductor material for infrared LED and laser diode applications. The device requires
that the InGaAsP laver 1s lattice matched to the InP crystal substrate to avoid crystal defects
m the InGaAsP layver. This murn requires that v = 2.2y The bandgap energy E g of the ternary
allov in €V 15 then given by the empincal relationship,

E =1.35-0.72y = 01292 1 0 Ex <047
Calculate the compositions of InGaAsP ternary allovs for peak emission a a wavelength of
1.3 um. (o= 6 6261 0-34 joule-sec, kB= £ 617x10-3 eV/E, kBT=0.0258 &V (T=300K), c= 3x108 m'sec, g=1.6x10-19 coul)

The photon energy at peak emission is j!sz E +kgT

Then  E [eV e kel A=13x10"m, T=300K
el e
~ (3x10°)(6.626 x107*)

—0.0259 eV =0.928 eV

f (L6x107™)(1.3x10°%)
The LnGaAsP then must have y satisfying 0.928=1.35-0.72y+ 0.12y°

0.66
1 zﬂ.ﬁﬁ, L'L:F: 0.3

The quaternary alloy is Tty 2Gay 3 A5y 3485 66
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Radiation Pattern
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LED Symbols
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Emitting Diode Types
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LED Spectral Patterns

1.22 126 130 1.34 1.38
Wavelength | um)
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Optical Fibre coupling for Surface
Emitting LED
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Surface Emitting LED Optical Coupling
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Burrus Type LED
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Edge Emitting LED
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Optical Fibre Coupling in Edge Emitted
LED

GRIN = Gradient Index
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Type of Multimode Fibre
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Fibre Coupling Efficiency

LED-Fiber coupling Efficiency
a) It 1s found that approximately 200 W 1s coupled into a multimode step index fiber
from a surface emuthing LED when the current 1s 72 mA and the voltage across the LED

15 about 1.2V, Whart 15 the overall efficiency of operation?

b} Experiments are carried out on coupling light from 2 1310 nom ELED-Edge emitting LED!

in multimode and single mode fibers.

(1) At room temperature, when the ELED current 1= 120 mA | the voltage 12 1.3 V and
light power coupled 1nto a 30 pm multimode fiber with NA = 0.2 15 48 LW,
What 13 the overall efficiency?

(11} Atroom temperature, when the ELED current 15 120 mA, the voltage 15 1.3 V and
light power coupled 1o a 9 Lm smngle mode fiber 15 7 LW,
What 15 the overall efficiency?

Solution ol P W00 =10¢ W _ N
L= = - = = =
'??-J’L'q.r"_ er' {TE'}-'.][]-J ,"!L}I:]_:,'_'- 1'..:] 1.8x10 0.18 oy
—& T
oo o B 48x10* W

‘?F-:'.'-anl;_ ﬂ:’_ I::]l'::' xlﬂ'i .-"L:||:13 1;".':' = 0.0307%
i B 710" W = 0.0045%

Toreest = T = 1202107 AN13 W)

ELEC4105 Slide Set 4 47



MU IOM (6070 =

_”,_.r_“_ﬂ - ._”_.wmu__“mT_n: *9D R re e B F—.
_Hw._”_.ﬁ " m“__"“vT._u_” * m_Hmm_u_“T._u._” x_“__“_ﬂ__Hw.m_m_ _“_“_HH. W= q....:..nMu. fr =" o
N .
ay; = -

STI 1y Ty 12
001 + 0%

%o L99=0090)= L e | S — I3PIETO )

I T

WOUN[os

(YT Q0T 30 JURALND e e paielRues lamod qeonde (emagm ST SLIRTAL SU 0T =
Y2 pUE S0 ¢ =2 181 PUNCT ST 11 W )08 18 SUmms (37T &7eny Eoned e 10

(pR1oenx2 124 you) Aqpenssym pajeranad remed [eando amp st 6 arym

A F0F  puooss Iad Jsop SISLLED JEID T
Mg, W s 1od =

ay ;W id 2,  PU0IIS I3d payIMI2 SWOL0TJ
) "EIOTETI 0221
SALEBIPED 70 2)B1 211 A peummu=lep st (*&) puosss 1ad panmma suciond Jo TRqumn
ST EBRIRTA SUOLETWIQUIONZT JO 2081 (810} 31} AQ PRUIMLIAIED ST IM2LM) [e10] a7 ] ‘uojord
© SUDIINT NOTHLA 120022 UOTIENIqIIOIal € BLA SIMIGUI0I] 1T 310J30) STHTAJT] WESTT 1) &1
“2 pUE AJAATEIPEI SIMQUIOIRT 17 Ar0yag JaIITED Aveng ¢ Jo amImagy Ueam 20 512 31w

t” ™ I

a
-

(FANEIPEINON PUE SATEIDED) MOTETIGTNeI3L I0 3181 [0 ]
TOTEMIqUIOd3] 2ALETPEL JO 3jEyg -

"

~ uonmmep Ag (suonelqra aonier) suouond pmra pme Armdom

TE 10 12372p [EISALD B 58 1aNs 120020 UOUENIquIoIal & [EN0M] SWuIedl o1 & Pe
AT TWE [T T 2507 212 SUOTISTED 2ANEIPEIION UOTSSTR Tolod o] pEa] aloaiat
PUE SATEIPEI 318 WOLIMN] ud paselq PIRAIO] 21 T STCTIEMIGMIONaT 2[0T ToNIa]s Io
UOHIED 18M saEned MU ADURroyg (et AL L>uspdgg: wnjuenb pwauy U

48

Slide Set 4

ELEC4105



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48

