
PHYS-434 Physics ofphotonic semiconductor devices

Series 8 - Basic notions on lightemitting diodes

Exercise 1:Spontaneous emission rate

1. The maximum ofintensity is emitted at the energy where the derivative

ofRspont (hr) is equal to zero.

=>dRspont(hwl =O
dihr) hr=hwpeak

=>chr-Egs*exfhrs+Chr-Eg**exp) =0
=>Chr-Eg-k Ihr-Eg =o

=>hWpeak =Eg +R

2. Me: Rspont Chrpeak) =Rspont IT.expl-E
We wish to determine hr=x such that:Rspont (X)=Rof/2
=>(X-Eg) exp(- xE9) =sexp1-I
=>(x-Eg(exp1-2189)) =texpl-1

Achange ofvariable:=>8(g(exp) - 2(X-Eg 1) = X-Eg
kBT y = kBT

* 8yexp( -zy +1) - 1 =0



Graphic solution:
-> filys= by
-e

fly) afalys =exp12y+1) talys
=>by -1.8 =>0X1.8kBTI ! =>FWAM ofRspout (hr):-

0y= 1.8

ohr = 1.8 kBT
y

he differentiation hcaw
=

hc.083. Speak =hrpeak -> OX =
h1rpeak hUpeak Upeak
-

=>Ox =xpeak
08

and
Chr 1.8 KBT Speak

Wpeak Upoak =2& peak

=>ox =18RBTspeak

Exercise 1:Extraction efficiency and issues related to lightextraction

1. Along the normal to the sample, we can write the Fresnel equation as:
(Asc-13

RC0i =0t =0) =(Usc+1)2

Idiel corresponds to the transmitted fraction ofemittedlight:
4NsL

Idiel=1-R =>diel=(Usc+1/2



andfor GaAs:Ns2 =3.6 Idiel = 0.68

for GaN:ns =2.5 Ydiel=0.82

It is therefore seen thatthe transmission gets larger when the optical refractive
index is smaller, i.e. for LEDs which emit toward the shorter wavelengths
cas nsch when Eg4I

2.We wish to determine the total fraction oflightemittedby a pointsource
There a quantum well or a quantum dot) which will effectively leave the

semiconductor/dielectric medium.

The total solid angle is such that:eltot=4T (sr.)

As only the fraction oflight emitted within the light
cone defined by the

internal critical angle O, will effectively leave the dielectric medium,

⑱

We get:O Oc=sint) net I [Snell's law] (in air, next=1(
& Internal solid angle:-c =2211-cosO)

Reminder:de=sinOdOdY

=>ec =I*dy)."sincdO=2211-cosO)



=>t =2x)1- 11-sin) =2= 11-11-(east)
Us-(U - next) I

=24
USC

-c
The emitted fraction -Stat (considering the extraction by only 1 side)

->
-c

-

Usc-snic -next)
for I

GaAs/air:ec/_etrt 2%

&tot 2US GaN/air:ec/-tst N4%

However, LEDs exhibit a larger extraction efficiency thanks to various points:

· "Photon recycling":
photons reflected at the semiconductor/air interface are reabsorbed by

the medium, creating novel electron- hole pairs. Afraction of
them will

radiatively recombine and so on and so forth.
· geometries differ from a simple planar geometry:

<Cf lecture)

· roughened semiconductor/air interface:



· microcavity effect (RCLED):

the emission is modified
by optical confinement
=>a large fraction of
light is emittedinto
a resonant mode which

is almost entirely
inside the light come.

· use ofan intermediate medium (Next> 1):

Rep - 1.5 - 1.57

=>




