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11. Light Sources
11-1 The LED

- Biasing and Optical Power
- Time and Frequency Response
- Emission Efficiency
11-2 The Laser Diode
- Properties of Lasers

- Types of Semiconductor Lasers

M. A Mansouri-Birjandi Lecture 11:Light Sources



S8 &bl

(LED) JoS' 599 3930
LED b daasin Sow
a8 w0 LED L5 LU

(LASER), jd %
(Light Amplification By Stimulated Emission of Radiation)
)}*’ ‘SLQ : s o . . oY
23 Elgl e
B Slals b pudiid BB sl 5

0

o0

M. A Mansouri-Birjandi Lecture 11:Light Sources 3



Light Sources

M. A. Mansouri-Birjandi

CW Modulator

\ ~
ST Modulated

hght
B '- " m *

Lecture 11: Light Sources



Light Sources

\/ " . F . N . .
0SS o ood 9 s w1y SO SIS ¢ (5590 maie

’:’:o)b 3959 (S8 &gbﬁ 3 dalad &3" 93

Light Emitting Diode( LED ) .\
Semiconductor LASER .Y

Light Amplification By Stimulated Emission of Radiation
296 0 S0 a8 dnsgy 598 gl

M. A. Mansouri-Birjandi Lecture 11: Light Sources 5




11-1. THE LED (Light-Emitting Diode)
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11-1. THE LED (Light-Emitting Diode)
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Figure 10-6 In an indirect radiative transition, the Ak of the electron 1s too large
to balance the photon’s momentum. A phonon simultaneously emitted or absorbed
can allow momentum to be conserved.
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Interaction Photon and Electron

1. Emission of Photon

-Spontaneous Emission

- Stimulated Emission

2. Absorption of Photon
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Recombination

» There are then three different processes by which the electron can decay out
of the conduction band:

1. radiative decay, Wr =B vy B, :constant of proportionality

2. nonradiative decay to traps,

3. Auger relaxation. | Wy .= Cyn*| | Ca:Auger constant

» Since the probabilities for independent processes add, the total probability
that an electron decays per unit time is given by

7 — 2
Htotal o Am' T BI'H ™ CAH

» B, = 107! to 10~ cm3/s for direct transitions and
> B, = 1075 to 1013 cm3/s for indirect transitions.
» GaAs has B, =7 x 10719 cm?/s.
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Recombination
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EXAMPLE 10-2

O Compare the radiative efficiencies for GaAs (E, = 1.42 e¢V) and In s5;Ga 4;As
(E, =0.74 V), for the same electron density of n=15 x 10" cm .

» Take Auger constants of 5 x 1073 cm%s and 1 x 10-2® cm%s, and B, values of
7.2 x10%and 4 x 10~ cm?/s for GaAs and InGaAs, respectively.

Solution:

For GaAs, the radiative and Auger rates are

3
‘ 2

W.=Bn= (7.2 x 10710

)(5 x 10" em™) =3.6 x 107 s

S !
7 | 30 cm® 18 py—3)2 8 o1
W auger = Cyi :(5 x 10~ T)(S x 10" em™)==1.25 x 10°s
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Solution: W09 C.N\% 14 91 D (| 29

» For Ins;Ga 4, As the corresponding rates are
' cm’
W.=Bn= (4 x 10-11 —)(5 x 1018 cm™3) =2 x 10% s
S

' cm®
W puger = Cyn* = (l x 1028 —)(5 x 10" em™)?=2.5 x 107 57!
S

» Note that all these rates are much larger than the nonradiative decay rate to
traps, A, ~107 s~1,
» Therefore, the efficiency for the two materials is

N - 097 This example 1llustrates
36 +1.25 the general trend that
Auger losses are more

. 2 significant 1n smaller-
InGaAs: m;= 25 + 2 =0.074 bandgap materials.

GaAs: n; =
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A(pm) =

hc  1.2399

E.  E_(eV)

g

InP 0.92 1.35

InAs 3.6 3.44

GaP 0.56 2.21

GaAs 0.87 1.43

AlAs 0.59 2.10
Ga,In, P 0.64-0.68 1.82-1.94
AlLGa,_ As 0.8-0.9 1.38-1.55
InGa,_ As 1.0-1.3 0.95-1.24
In,Ga, ,As,P, 0.9-1.7 0.73-1.38
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E,=1424+1427x+0.041x* eV

(Al .Ga, ,As bandgap)
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Population Inversion
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Semiconductor Heterojunctions: The Quantum Well

0 I |
ALGa, As |GaAs Al,Ga,_As E - h“n-
=
. i Sm*d?
.
d
A | cs (quantum well energies)
n=3
electron
energy Go
; e

I IVB

Figure 10-15 In a quantum well structure, the energy levels in the conduction and valence
bands depend not only on the bandgap of the material, but also on the thickness d of
the middle layer.
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Heterojunctios (Practical LED)
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&5 yiowd SBLED L5l

60-70 nm

Stripe electrode

Insulation

p~-InP (E, =135 eV Cladding layer) —_§

P -InGaAsP (E, = 1 eV, Confining layery——+¢
n-InGaAs (Eg“:z 0.83 eV, Active layer)— [

n7-InGaAsP (E_ = 1 eV, Confining layer)

n*-InP (E, = 1.35 eV, Cladding/Substrate) T’
B Electrode

/ 200-300 pm

Cleaved reflecting surface
” " Active region (emission region)

________

Schematic illustration of the the structure of a double heterojunction stripe
contact edge emitting LED
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LED Structures:
\. Edge-Emitting LED
2. Surface-Emitting (Burrus)

Contact

n-nGaAspP

Active Area
n-inGaAspP
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Light Amplification By Stimulated Emission of Radiation
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LASER ¢ LED dafiu i dulic

Light power Laser diode
10 mW LED
5 mW
- Current

S50mA 100 mA
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Types of Semiconductor LASER

 Fixed Wavelength:

I.  Fabry-Perot (FP)

II. Distributed FeedBack (DFB)

III. Distributed Bragg Reflector (DBR)

IV. Vertical Cavity Surface Emitting Lasers (VCSEL)

1 Multi-Wavelength:

a. Laser array
b. Tunable Laser
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Fabry-Perot Laser (FP)

38 P9 B s
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Fabry-Perot Laser (FP)

Cleaved reflecting surface

\

Stripe electrode

Oxide msulator
p-GaAs (Contacting layer) —_ 7]
p-Al Ga, As (Confining layer)

p-GaAs (Active layer) — L

H—Altﬁal_{ﬁua (Confining layer) ]

: Substrate
n-GaAs (Substrate) _ ?
TN, Electrode
]
Fr ':l
r - -
‘Elliptical, Cleaved reflecting surface
| laser | _
| ¥4 Active region where J= J"”-?.
 beam .- N : '
\ / (Emission region)

Schematic illustration of the the structure of a double heterojunction stripe
contact laser diode
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Fabry-Perot Laser (FP)

Dielectric mirror

Fabry-Perot cavity

Length, L

Height H o4,

Diffraction

limited laser
beam
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Fabry-Perot Laser (FP)
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Double Heterostructure laser (DH)

Figure 11-15 The light
distribution is more
confined in a double
heterostructure (DH)
laser, due to index
guiding in the
waveguide structure.

Figure 11-16 In a DH laser, the
energy bands are shifted so as to
permit overlap of free electrons
and holes in a well-defined

active region.
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Double Heterostructure laser (DH)

insulating

p—ALGa As— | | J, layer

GaAs -

n_Alea‘l-KAS_,..—-—'-""

. <

Figure 11-18 In the stripe geometry laser, the waveguide width w 1s reduced for
improved mode stability. Shown 1s the buried heterostructure configuration,
with the active GaAs region surrounded by other materials.
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Quantum Well Laser

Figure 11-19 (a) In a separate confinement heterostructure laser, the light wave is

guided by optical confinement layers (OCLs), whereas the electrons and holes are
confined inside the quantum well.

(b) In a multiple t |—| / Oci |—|

quantum well = S — e
(MQV\O deVICC, 5 E well wells
electrons and holes in 3 I_| I_I 4 // \
each quantum well | | S
interact with . | :
I n | | refractiv %
the same light field. | refractive 8 I_rﬁﬂ-ﬁ-ﬁj_l
L
. j
E 4

light

§ distribution
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X
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Distributed Feedback Laser (DFB)

p contact layel

- p InP buffer layer
= InGaAsP waveguide layer

InGaAsP active layer
n InP buffer layer

n-InP substrate
n contact layer

Distributed Bragg Reflector (DBR)

p contact layei—p-
p InP buffer layer—p-
InGaAsP waveguide layer

InGaAsP active layer

n InP buffer layer

n-inP substrate —p
n contact layer
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Single-Frequency Laser

(A/n)

region

N
light distribution

Figure 11-20 In a distributed feedback (DFB) laser, single-frequency
operation 1s obtained by Bragg reflection from corrugations near the gain
region.
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Figure 11-21

In a distributed Bragg grating
(DBG) laser, single-frequency
operation 1s obtained by
reflection from Bragg gratings
that are separate from the gain

region, and which act like

mirrors.
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metal layer

light out

Bragg
reflector

.\lf ______active
.T layer

Bragg
reflector

metal layer '

Figure 11-22 In a vertical cavity surface-emitting laser (VCSEL), the laser cavity is
perpendicular to the active layer, with feedback provided by Bragg reflectors.
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LED vs. laser spectral width

Single-frequency laser

(<0.4 nm) Laser output is many times

higher than LED output; they
would not show on same scale

Standard laser
- (1-3 nm wide)

LED (30-5Qnm wide)

Wavelength
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Multi-Wavelength LASERS

a) Laser Arrays

Optical
Wavequides

DFB laser
array

Semiconductor
optical amplifier

b) Tunable Lasers

- External Cavity tunable lasers

- Monolithic Integrated Tunable Lasers
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1. MEMS: Micro-Electro-Mechanical Systems
2. AO: Acousto-Optically
3. EO: Electro-Optically Tunable Laser

4. VCSEL: Vertical Cavity Surface Emitting Laser
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1-MEMS :Micro-Electro-Mechanical Systems
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2. Acousto-Optically (AO)
3. Electro-Optically (EO)
Tunable Laser

| acer GRIN Mirror
L
AOTF
or
EOTF
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4. Vertical Cavity Surface Emitting
Laser(VCSEL)

Laser output
Tuning
contact n-type distributed ptype

Bragg reflector distributed
| Bragg reflector

Cantilever
arm

Quantum-well
active region

n-type distribute
Bragg reflector

Indium phosphite
substrate

Oxide
isolation
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1. Three-Section DBR Laser
2. Three-Section DFB Laser
3. Sampled Grating-DBR(SG-DBR)
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1-three-section DBR laser

I-EI Ip IB

InGaAsP
(Ag=1550 nm)

| |
P-InP | '
& ':'F" Isulatiun'ﬂl';'

< ﬁr‘"“ﬂﬂsp
Light D (Mg =1300 nm)

output | |
- La "I' L p an L B~

| Gain I I '

I | Phase | Bragg |

I , optical gain
I, , location of comb-mode spectrum
I, Cavity gain peak wavelength(Bragg wavelength)
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2-three-section DFB Lasers

I. , optical gain (higher than threshold current)

I. , tuning current that is a little less than or equal to threshold
current)
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