Tiempo de vida de portadores minoritarios
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Fig. 1.3, Minority carrier lifetime as a function of doping concentration in GaAs at 300
K. The lifetime was inferred from luminescence decay mesurements. The data points of
Nelson and Sobers (1978a and 1978b) and Ahrenkiel { 1993) were measured on nominally

undoped material with a doping concentration << 1{

Tiempo de vida disminuye con dopaje

)15

cIm

-3



log Recombination Rate [cm-3s-1

20

Ritmo en GaAs y Si

16

! |
17 18 19 20

leg Surplus Carrier Density n [cm-3]

radiativa
R, interbanda

no-radiativa
Ry nhivel profundo

R, Auger



8 Eficiencia

Eficiencias de

la parte de la corriente creando portadores

> inyeccidon . —
y 77 ijn  minoritarios para recombinar
» recombinacion =R /(R + R )
(interna) 77’” T g g "
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Eficiencia de materiales LED

Selected LED semiconductor materials. Optical communication channels are at 850 nm (local network) and

at 1.3 and 1.55 um (long distance). D = direct, I = Indirect bandgap. DH = Double heterostructure. 1, ema
1s typical and may vary substantially depending on the device structure.

Semiconductor Substrate DorI (nm) Nexernat (%) Comment
GaAs GaAs D 8§70 - 900 10 Infrared LEDs
Al Ga,, As GaAs D 640 - 870 5-20 Red to IR LEDs. DH
O<x<04
In, Ga,As Py, InP D I-1.6 um =10 LEDs in communications
(v=220x,0<x < 0.47)
InGaN alloys GaN or SiC D 430 - 460 2 Blue LED

Saphure 500-530 3 Green LED
SiC S1; SiC I 460 - 470 0.02 Blue LED. Low efficiency
Iny Al Gags, . P GaAs D 590 - 630 1-10 Amber, green red LEDs
GaAs, Py (v < 0.45) GaAs D 630 - 870 <1 Red - IR
GaAs,,Py, (v > 045) GaP I 560 - 700 <1 Red, orange, yellow LEDs

(N or Zn, O doping)
GaP (Zn-0) GaP I 700 2-3 Red LED
GaP (N) GaP I 565 <1 Green LED




Eficiencia de inyeccion 7.

Corriente a través de la unién p-n en polarizacion directa

qV
j= jh<o+)+je<0‘>=q(thN0 e o Ie —lj
L L

e

Para solo inyeccion de electrones en capa p

' De nPO
Electrones inyectados o e "PO
en la parte p B j.(07) B L,
= 771'7’1 . + . -~ D D n
Corriente total Jn(07)+j,(07) nPro | Hellpo

L L

e



Eficiencia de inyeccion

Para sélo inyeccion de electrones en capa p

| |
nin — =
1_|_DhLepN0 1_|_;uhppo
D, L,np, PIRONG

con M, >>HU,
Le = Lh
_ )
NpPp =NyPy =1,

=>n, =1 mas alta con ny,>>p, capa n mas dopado

77in



Dispositivo con solo inyeccion de electrones 7).
p ot N

LED Asimeétrico:

p(x) Union n+-p : N, (capa n) >> N, (capa p)

v
X

Npx,=Nux, = V, >V,

Realizacion de ny, >> pp

Solo importan para la recombinacion
electrones minoritarios inyectados en

capa p




Union n+*-p : Surface-emitting LED 77,

= [/= =/

n+ (abs.) & . n+ (tr ansp.)
Absorhing v Transparent
sub str ate sub str ate
Absorbing contact Reflecting contact
simple y barato por ejemplo:

- con emision de excitones (GaP)
- heterouniones

energia emision < energia gap



Eficiencia de Recombinacion 7.

777‘ — RV /(RV +R7’l7’)

Materiales de gap directo (homounidn) ~ 50%

- electrones entran profundo en region activa
- fotones reabsorbidos
- fotones emitidos hacia dentro del LED

Materiales de gap indirecto: pequeno
con impurezas profundas: GaP:Zn, O: ~ 30%
GaP:N ~ 3%

Estructuras de Doble Heterounion: 60 - 80%



Limitado por:

1. Reabsorcidn

Eficiencia de extraccion
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Eficiencia de extraccion n,
Limitado por: | o

2. Geometria de radiacion del LED
(fotones emitidos con 6> 6, atrapados)

6,

0. =sin"'(n,/n,)

Para GaAs n=3.6 .=17°

Point light source

1_— Trapped
=l light ray
i
o
__— High-index
semiconductor

Fig. 6.3, llustration of "trapped light" that cannot escape from a cube-shaped
semiconductor for emission angles larger than of- due to total internal reflection,



Eficiencia de extraccion n,

Plastic
“ encapsulation
p—n junction

=~
p
Electrical &,
contacts (a) Electrical
(b) contacts
1 2 2

Fraccidn transmitida F = (%j 1_(’71 _n2j
a medio 2 4\ n, n +n,
GaAs: n,=3.6, n,=1 (aire) F=0.013

n,=1.5 (plastico) F=0.036



Distribucion angular de Intensidad n

(a) iy
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]

Fig. 4.4. Geometrical model used to derive the Lambertian emission pattern. (a) The light
emitted into angle d¢ inside the semiconductor is emitted into the angle dd in air. (b)
Mustration of area element d4 of the calotte.



Distribucion angular de Intensidad n
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(@) (b} {c)
Semi- Light-
conductor emitting
E & region
e —

& @
Planar LED Hemispherical LED Parabolic LED
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20 s e
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; LED

LED planar:
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=4 . _. Planar LED |}
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-\ pattern | '|
i [} T !

I=1,cos @ B
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Fig. 4.5. Light-emitting diodes with {a) planar, (b) hemispherical, and (c) parabolic
surfaces. (d) Far-field patterns of the different types of LEDs, At an angle of @ =60 °, the
Lambertian emission pattern decreases to 50 % of its maximum value occuring at @ = () °,
The three emission patierns are normalized to unity intensity at @ =0 "



Eficiencia de extraccion

[t— 1.0 mm —=| Y 4

X Substrate '

% n=Lype contact /
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Fig. 6.6. Truncated inverted pyramid (TIP) AllnGaP/GaP LED. (a) LED driven by an
electrical injection current. (b) Schematic diagram of the LED illustrating the enhanced
light extraction efficiency (atter Krames et al., 1999).
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Recombinacion en gap indirecto- GaAsP

Energia de
emisiéon

{a) Direct-gap GaAs

() Crossover GaAs, 5P 5o

{c) Indirect-gap GaP
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Fig. 7.1. Schematic band structure of GaAs, GaAsP, and GaP. Also shown is the nitrogen
level. At a P mole fraction of about 45 - 30 %, the direct-indirect crossover occurs.
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Fig. 7.2. Room - tem-
perature peak emission
energy  versus  alloy
composition for undoped
and  nitrogen - doped
GaAsP  light - emitting
diodes injected with a
current density of 5A/
cm?. Also shown is the
energy gap of the direct
(ET) and indirect (Ex)
transition. The direct-
indirect crossover occurs
at x=50% {after
Craford ef al. 1972).
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External quantum efficiency Texy (%0)
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Fig. 7.3, Experimental external
gquantum efficiency of undoped
and N-doped GaAsP versus P
mole fraction. Also shown is the
calculated direct-gap (1)
transition efficiency, Nr. and
the calculated nitrogen (N)
related transition efficiency, Ny
{solid lines). Note that the
nitrogen-related efficiency 1s
higher than the direct-gap
efficiency in the indirect
bandgap (x = 350 %) regime
(after Campbell ¢r al., 1974),



Eficiencia externa (total) 7,
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Perdidas al acoplar con una fibra 77,

Fibra con indice nucleo n, ,, indice ‘capa’ n,, (n,;> n,,)

ri»

o T ) 21/2_._1
Angulo de aceptacion: 6 =sin (nrl_an) = sin (An)

A, apertura numérica

Eficiencia de acoplo: 77, =sin” 6,

Guided

wave




9 Estructuras: LED de heterounion

(&) 29900908 80009089

Homojunction R-HYES i ............. b
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Fig. 3.5. PN homojunction under (a) zero and (b) forward bias, and (c) heterojunction
under forward bias. In homojunctions, carriers diffuse over the diffusion lengths Ly and
Ly before recombining. In heterojunctions, carriers are confined by the heterjunction
harriers.



Estructuras: LED de heterounion

union _\
p p

n + n+ (tr ansp.)

Transparent
substr ate

Problemas con homouniones:

Reflecting contact

1. estados de superficie en capa p cerca de la unibn = recomb. no radiativa

2. electrones inyectados en capa p se alejan por difusion, recombinan con
portadores mayoritarios de forma no radiativa

3. reabsorcion posible

Ventajas heterounién:

1. densidad estados intercara << densidad de estados superficie
2. barrera es transparente para luz emitido (no hay reabsorcién)
3. eficiencia de inyecciéon mayor



Estructuras: LED de heterounion

ALGa, AS e AlLGa, As
¥ ' v

t zona activa delgada
Pt - GaAs
+ & 1000 — 2000 A
‘\
T~
P n* I

SO con polarizacion
directa




Heterounion doble: Eficiencia de Recombinacion

0.8 = ] =
n-Lype active ! p-type active
. layer ! layer
B . AllnGaP DH LED
. 06 | A = 565 nm — 60 %
o |
ﬁ : dyetive = 0.5 pm
g \ : Carrier concentration
= I I in n-tv .
77’, 5 g4 b | : 1| inp-type ﬁﬂd lﬂ;:er.
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= LA o I
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02~ E= 21
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Carrier concentration in active layer

Fig. 5.4. Dependence of the luminous efficiency of an AllnGaP double heterostructure
LED emitting at 565 nm on the active layer doping concentration (after Sugawara et al.,
1992).



Burrus Surface Emitting diode
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LEDs acoplados a una fibra

Fibra con final
region esférico

Microlente

Lente integrado

Active
region

©)



LEDs acoplados a una fibra

Lente integrado

| B} L] ————

Py

Fig. 12.8. (a) Commercial communication LED chip with integrated lens. (b) Detailed
picture of the lens etched by a photochemical process into the GaAs substrate (ATS&T
ODL procuct line, 1995).



LED emitiendo por el borde

Dielectric
n-In, 53 Gag 47 As \
p* InP |
* InGaAsP
Carrier 1 InGaAsP .
confinement and Z n”InP - ~
guiding layers y = \ "
o n ¥ InP Substrate Q,\}{\
\ S
/ v
~ N
e i/
~30°
- ~120° i g
*

divergencia reducida

Ohmic contacts

Optical
cladding
layers



Estructuras especiales: dispersion de corriente

(a) {b)

_ C Top
— Top ohmic contact ”“‘*"L spreading | confine.
- layer ment

e _I
- E“‘“EE‘P"_“EE‘“P.J— —= --_'.'.'.__e_n.ﬂ_s_s_i?rzfﬁglp_tf_;? _____ Active
_I

l Su

Bottom
conline-

bstrate ment

Su I:ﬁtrate

Ohmic
contact
tel = P-contact (d) il SR T
=15 pum  GaP window layer  Mg-doped AlGaAs p-doped
L5—1pm AllnP Mg-doped AllnGalP p-doped
0L5<1um AllnGaP active undoped AllnGaP active undoped
1.0 pm AllnP Te-doped AllnGaP n-doped
n-type GaAs substrate Te-doped n-type GaAs substrate
- _________________________________]i +
—— N-contact MN-contact

Fig. 6.8. Current spreading structures in high-brightness AllnGaP LEDs. ustration of
the effect of a current spreading layer for LEDs (a) without and (b} with a spreading layer
on the light extraction efficiency. (c) GaP cuorrent spreading structure (Fletcher er al.,
1991). (d) AlGaAs currect spreading structure (Sugawara ef al.,1992).

Contacto hace sombra, con capa extra sale mas luz



Estructuras especiales: sustrato transparente
(TS)

MOVPE AlGalnP YPE GaP GiaAs substrate removal  GaP wafer bonding AlGalnP/GaP
epi growth window growth with with uniaxial pressure TS wafer
wel chemical elch  at elavated temperatures

4 4
GaP window GaP window

5 GaP window GaP window
AlGalnP DH P Pl AP TS

PRI R ZZEEIEES : A R

| Absorhing EI} | Absorhing %) Absorhing E:}V.' Transparent ':I) Transparent
| GaAs substrate B | GaAs substrate B |1 Gas substrate GaP substrate kR ot

Fig. 6.14. Schematic diagram of the fabrication process for wafer-bonded tamsparent
substrate (TS) AlGalnP/GaP LEDs. After the selective removal of the original GaAs
substrate, elevated temperature and uniaxial pressure are applied to the GaP substrate and
the AlGalnP/GaP epitaxial film. resulting in the formation of a single TS LED wafer
(adopted trom Kish er al. 1994),

ia) ik
AS LED TS LED

Fig. 6,15, (a) Amber GaP/AlGaloP/Gaas LED with GaP window layer and absorbing GaAs
substrate {AS), (b) Amber GaP/AlGalnP/GaP LED with GaP window laver and transparent GaP
substarte (TS) fabricated by a waler bonding technigue. Conductive Ag-loaded die-attach epoxy
can be seen at the bottom of the TS LED (after Kish and Fletcher, 1997,



Estructuras especiales: piramide invertida

AlGalnP

p-GaP

total external efficiency of 55%



10 Tiempos de respuesta

Tiempo de respuesta tipica de un LED < 1 us
« suficiente para pantallas
* critico para uso en comunicacion optica

Factores que limitan:

1. Capacidad de la union, 1 20V, -V,,)
causado por variacion de la carga por V,,, ) 2
(tiempo RC) ) ¢ qeNA

2. Capacidad de difusion:
La carga inyectada desaparece por difusion y recombinacion
Con modulacion de V., (bias) la carga tiene que desaparecer
por difusion, para adquirir nuevo equilibrio.

= tiempo de vida de portadores minoritarios es determinante



Tiempos de respuesta
Electrones inyectados en capa p

Densidad de electrones en exceso n disminuye por recombinacion y difusion

on(x, 1) 0’ n(x,t) 1
o5 _R+D ’ R="
) T ;"

Respuesta a una modulacion  n(x,#) = n,(x)+n,(x) expliar)

1 _ P(w)
(1+@?z?) " PO)

Respuesta del LED: 7 (a)) —

T tiempo de vida de portadores minoritarios



Tiempos de respuesta / modulacion

Mejor respuesta con 7 pequeno, se consigue con:

1. Mayor dopaje

GaAs: dopaje alto: formacion de centros no-radiativos
t=1.4ns

2. Dopaje bajo, zona activa pequena, inyeccion alta
J  densidad de corriente de inyeccidn

d regién activa
J/de n? de recombinaciones/ m3s = R

1/2
An _JT = T=£ﬁ)
ed




0.1

Tiempos de respuesta / modulacion

Formulacion alternativa:

anchura de banda : frecuencia a la cual P disminuye 3dB

-~ e coAlas LEDS

® GaAlAs LEDS
(A=085um)

O INGQASP LEDS
(A=13pum)

(A =085um)

OINGOASP LEDS
(A=13um

10

02 103 104
MODULAT ION BANDW IDTH (MHZ)

“— Potencia de salida en
funcidén de la modulacién

MHz
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DC

Circuitos
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Circuito para modulacion

Modulating

electrical
4 signal e Modulated
light output

C\Uqcf LED \ / A~~~ C\f\v

il

t
n-p-n
transistor
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R,

Cladding layer +

Active region  Lactive

Cladding layer %
Ry

LED en cavidad resonante (RCLED)

Fig. 10.1. Schematic illustration of resonant
cavity consisting of two metal mirrors with
reflectivity R and R». The active region has
a thickness Lgctive and an absorption
coefticient o.. Also shown 1s the standing
optical wave. The cavity length is Lggy 18
equal to A / 2.



RCLED - modos en una cavidad

ay 3
Z
B o Ad2 cavity
2 Finesse F
= A
f."'-?n 3y
:_.:. "N manw
“_”E £ k2 cavity
E E {.[Tm.=3in..|"2}
=) = Finesse F
= A
hvg vy fivs fivy hv
g8
=4
5 22
)y B
Eg v

Solape de la emisidon espontanea con modo de cavidad

Fig. 9.2. Optical mode
density for a (a) short
and (b) long cavity
with the same finesse
F. (¢} Spontancous
free space emission
spectrum of an LED
active region. The
spontaneous emission
spectrum has a better
overlap with the short-
cavity mode-spectrum
as compared to the
long-cavity  mode-
spectrum.



Distributed Bragg Reflector (DBR)

Metallic DBR Hybrid TIR

KB = =
=

R=80-93% R< 100 % R < 100 % R =100 %
T=0% I'=1-R T=0% T'=0%

Fig. 8.3. Schematic illustration of different types of reflectors including metallic
reflector. distributed Brage retlector (DBR), hybrid reflector, and total internal reflector
(TIR).



Distributed Bragg Reflector (DBR)

12 _""Hi I""_""lLE |-I—l-|fr1+f_2|_._
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(b) Effective PR Effective

Reflector /L/ Reflector

2=0 = Lpey

Fig. 8.5. Hlustration of the DBR penetration depth. (a) DBR consisting of two materials
with thickness LE and L. (b) Ideal (metallic) reflector displaced from the DBR surface
by the penetration depth.
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Fig. 8.4. Reflectance of a silver / air retlector and a 25-pair AlAs / GaAs distributed
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RCLED vs. VCSEL

20
E T'=300K

:_: o RCLED
£ B I=2mA
g 15
Tk & =20pum
s [ VCSEL
E = f=2mA
§ 10 Z=8um
5 N
5 B
[= B 3.9 nm
5 I
,E -
73] [

oLl | ! |

H20 2440 Hol HE0 Q00 a0 Q40 96l

Wavelength A (nm)

Fig. 9.3, Spontaneous electroluminescence spectrum of a vertical-cavity surface-emitting
laser (VCSEL) emitting at 850 nm and of a resonant-cavity light-emitting diode
(RCLED) emitting at 930 nm. The drive current for both devices is 2 mA. The VCSEL
spectrum is multiplied by a factor of ten. The threshold current of the VCSEL is 7 mA.

VCSEL (Vertical Cavity Surface Emitting Laser) tiene menos
intensidad en régimen de emision espontanea
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Fig. 9.4. (a) Schematic structure of a substrate-emitting GalnAs / GaAs RCLED
consisting of a metal top reflector and a bottom distributed Bragg reflector (DBR). The
RCLED emuits at 930 nm. The reflectors are an AlAs / GaAs DBR and a Ag top reflector
(after Schubert er af., 1994), (b) Picture of the first RCLED.



Intensity (arbitrary units)

|_ I 4

RCLED espectro de emision

Iy . :
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Fig. 9.6. Comparison of the
emission spectra of a GaAs
LED emitting at 870 nm
(AT&T ODL 50 product) and
a GalnAs RCLED emitting
at 930 nm.



13  Vision humana: sensibilidad del ojo

In[VR] = Ag + A A + 4,07 4 A0 + A 0% + AW
380 nm < A < 520 nm: A=~ 502.77, A =~ 1.3992, A, =0.0336, A4 =~ 0.0001

Funcién de la
sensibilidad del ojo
humano V(1)

Definicién del lumen:

Luz verde (555 nm) de 1
W tiene un flujo luminoso
de 683 Im

= el = ~10
,44_2_113': o, Ag= — 1.0 10

C(R? = 0.9988)

520 nm <= & = 750 nm: Ay = 10726, i{] =—8.7481, A, =0.0276, A;=—40X Tine

T

A =30%1078 A

5=

=-—00x 1072

(R* =0.9998)
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Fig. 10,1, Relative eye sensitivity (left ordinate) and efficacy measured in lumens per
Wait of optical power (right ordinate). The eve sensitivity is most sensitive at 355 nm.
Also given is a polynomial approximation for the relative eve sensitivity Tunction,
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Fig. 11.3. CIE (1931)
XyZ color matching
functions. The y color
matching function is
identical to the eye sen-
sitivity function V(A).

Las funciones son similar a la sensibilidad espectral de los conos en el 0jo



Vision humana

£ Y(1) P() da
£ V(A) P(A) dA X, Y, and Z are tristimulus values

L Z(h) P(L) d).

Chromaticity diagram and chromaticity coordinates X,
A-" y . }.r
X +¥+ 272 ' X +Y+ 2

z chromaticity coordinate not needed, since x+y+z=1

Uniform chromaticity coordinates u, vand u’, v’



Vision humana

0.9

08 -

0.7 §

¥ - chromaticity coordinate

CIE Chromaticity Diagram
330 nm

S 540 nm

A 550 nm

B 560 nm

R Red
B Blue
G Green
Y Yellow
O Orange
P Pumple
Pk Pin
Lower case:

"ish" takes suffix

4) 650 nm
T
02
0.1
L 470 nm
450 mlu
ﬂ.ﬂ i ¥ | i | i 1 i
0.0 0.1 ¢ 02 0.3 0.4 0.5 0.6 0.7 0.8
380nm

x - chromaticity coordinate

Fig. 10.3. CIE chroma-
ticity diagram. Mono-
chromatic colors  are
located on the perimeter
and white light is
located in the center of
the diagram (adopted
from Gage et af., 1977).



y - chromaticity coordinate

Mezclar colores

0.4
x - chromaticity coordinate

Fig. 11C.1. Principle of color
mixing illustrated with two
light sources with chromaticity
coordinates (x,, y;) and (x,,
¥5). The resulting color has the
coordinates (x, y). Also shown
is the triangular area of the
chromaticity diagram (color
gamut) accessible by additive
mixing of a red, green, and
blue LED. The locations of the
red, green, and blue phosphors
of the sRGB display standard
(xr = 0.64, yr = 0.33, xg = 0.30,
yg = 0.60, xp = 0.15, yp = 0.06)
are also shown. The sRGB
standard is similar to the NTSC
standard.



Vision humana y LEDs

21520 nm AlGalnP LED
GalnN LED 525nm _ I 590 nm (amber)
(green) AlGalnP LED

605 nm (orange)

AlGalnP LED
615 nm (red—orange)

GalnN LED 505 nm
(blue—green)

GalnN LED 498 nm \L

(blue — green) %ﬁ AlGalnP LED
“Iluminant C 626 nm (red)
(White light)

GalnN LED 450 nm —__|
(blue)

400 ¥ - axis

Fig. 11B.9. Location
of LED light emis-
sion on the chroma-
ticity diagram (adop-
ted from Schubert

and Miller, 1999).
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Ciptical power P (arb. unis)
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LEDs con luz blanca

LED de InGaN emitiendo azul con un fosforo emitiendo en amarillo

(b)

(a)

Phosphorescence

Blue
lumines-
cence

Phosphor

T

I L I T I T I Ll
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phosphor-based
white LETY

— [Hue luminescence

- Phosphorescence
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contact

<— primer diseno
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solo chip

o - W 3
| |I s
% J -

——
_ Photon-

reeveling wafer
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contact
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Luz blanca con LEDs

Direct — RGB LEDs

. Potentially highest efficiency
- Very large color gamut

- Tunable white point

Blue LEDs + yellow phosphor
Blue LED + yellow phosphor

. Simple

- Decent color rendering (R, ~75)

UV LED + RGB phosphors UV LED + RGB phosphors_

- White point determined by phosphors
only

- Excellent color rendering




LED para iluminacion

S
'II.HI"III[I'IIIrllllfllllllllll]llll'll

100 = AlGalnP/GaP —™ ® 3
— -— Fluorescent (orange) =
—=— Compact fluorescent it o
e AlGalnP/GaP =

- (red, orange, yellow)

— = LInfiltered incandescent AlGalnP/GaAs

{red, orange)
ol ] r
e el Rl DH AlGaAs/AlGaAs

(red)

Red filtered

..
= incandescent mG“‘“"ﬁ?ﬂ%i GalnN
{blue)

|

-— Thomas Edison's
| first bulk

CraPfn.C)

CraAsP:N
(red, yellow)
GaP:N (green)

Luminous performance (lm/W)

(red)
S0
o GaAsP {blue) _
0.1 IjlﬂllljIllIJIlllllll]llllljlllljllllj
196(0) 4 1970 1975 1980 1985 1990 [ D905 2000

Time (year)

Fig. 7.13. Luminous performance of visible LEDs versus time. Also shown is the
luminous performance to other light sources (adopted from Craford, 1997, 1999, updated
2000).



LED para iluminacion

Flujo luminoso Precio
ey § LTS LD
E A : . =)
= 1ol !_ ~30 ¥ increase/decade o _! Th and LED lamp purchase
0 2 e g 2, price per lumen versus
‘;f; !k A 4 10! .E vedr. Also shown are the
e 2 g B values for a 60 W incan-
E 10" & = 110" 25 descent  tungsten-fila-
= ; A A : g5 ment light bulb with a
o 107! T ) Ll luminous performance
2 1" =
= I : _T i & of about 17 Im/W and a
E 10 F =10 reduction,/decade 10 luminous flux of 1000
é 1073 | I | . 1 102 ﬂ Im with an approximate
= 1968 1978 1988 1998 2008 Q price of US $ 1.00 (after

Krames ef al., 2000,

Year



15 LEDs organicos (OLEDS)

Carbono con hybridizaciéon sp2

E > visible

ps - orbital [ M 0. - orbital P, + % “_ + pzt

plane of the
spz - orbitals



LEDs organicos

Pequenas moléculas organicas (tipo benzeno como unidad basica)

@ —_ LUMO (n*) Ec

delocalized n-electrons

HOMO E
et ﬁ (m v
v
E = visible

lowest unoccupied molecular orbital (LUMO)
highest occupied molecular orbital (HOMO)



LEDs organicos

Semiconductores de polimeros organicos, cadena 1D
conduccion por ‘hopping’ de una cadena a otra

valence band ()




LEDs organicos

Funcionamiento de un OLED:;

Me1 Org. HL Me2 Me1 . Org.HL1 . Org HL2 Me2

— R T

@ﬁé( He=""1%

configuracion simple: configuracién para hacer coincidir
contactos de diferentes electrones y huecos
metales




LEDs organicos

TOLED
i 3 COLOR
SOLED
o A _
ME“::g Tl _.\J
TPE:—‘-&. o

v o
EL Light I
T To J
OLED v
Tpum Middls _ ‘
TOLED { | " it
) - g
i

Desventaja: vida util limitada




LEDs organicos

Pantallas:

Sony

Kodak






