
Review of Diode Laser Market

Diode lasers represent 57%
of the worldwide laser market

The diode-laser portion of the
market showed 13% growth

Worldwide Commercial Laser 
Revenues (1997 and 1998)

Nondiode lasers
Diode lasers

1997
Total: $3,222,283,000

1998
Total: $3,819,861,000



Worldwide Diode Laser Sales
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Diode Laser 
Market

Long-wavelength regime
(λ = 980 -1550 nm)

Short-wavelength regime
(λ = 635 - 980 nm)

Fabrication by epitaxial
growth on InP substrates

Fabrication by epitaxial
growth on GaAs substrates

TelecommunicationNon telecommunication



Optical Fiber Communications
64% of the total diode laser market

Signal Transmission:   λ=1.3 µm, 1.5 µm

Erbium Doped Fiber Amplifier (EDFA) 
Pumping:                   λ=980 , 1480 nm

Dense Wavelength-Division Multiplexing (DWDM):
Distributed Feedback (DFB) Lasers





Si: best choice for visible light range (400-1000 nm)

Ge: covers all three optical  windows (750-1600 nm)

InGaAs: ideal for λ > 1000 nm (particularly in 3rd optical window)



Narrow spectral bandwidth of the source diode   

High frequency bandwidth / bit rate of the system



Dense Wavelength-Division Multiplexing 
(DWDM) System
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Channel Spacing in Dense WDM System

Wavelength/nm

Up to 32 channels Up to 32 channels

λREF= 1552.52 nm ∆λchannel = 0.8 nm



Different Fiber Types



Application Areas for Fiber Optics Technology

850/1300 nm MM Bit rate: 10 Mbit/s

1300 /1500 nm SM Bit rate: 10 Gbit/s



1.3 µm Direct Modulated Laser Module for 
10 Gbit/s Digital Transmission 

Output Power:            4mW

External efficiency:  0.15 W/A

Threshold Current:       30 mA

WL Tuning 
Coefficient:          0.085 nm/0C

Side-mode 
Suppression Ratio:     35 dB

SM Fiber Pigtail

RF Connector

Laser Cathode

Thermistor
TE Cooler

Monitor PD



1.3 µm DFB Laser Module for Broadcast 
CATV Applications  

High Linearity

112 Channel Loading

Output Power: 13 mW
Side Mode Suppression 
Ratio: 30 dB



0.98µm CW Optical Pump Source for 
1.5 µm EDFA

Single Mode 
Fiber Pigtail Compact 14-pin 

Butterfly Package

InGaAs/GaAIAs Quantum-Well Chip Design

Output Power  up to 180 mW CW
Internally Controlled Thermal Stability 



Optical Memory

The second largest applications after telecommunications

Encompasses several diode lasers categories:

CD-ROM:   λ=780 nm, P=5 mW

CD-R:         λ=780 nm, P=30 mW

DVD-ROM: λ=635-650 nm, P=5 mW

DVD-R:       λ=635-650 nm, P=30-40 mW



Process of Reading an Optical CD

Optical Disc

Objective
Polarizing

beamsplitter
Circularizing

optics

Collimating
lens

Low-power
CW diode

laser
Astigmatic lens

Quadrant detector

Quarter-wave
plate

Steering
mirror Read head



Storage Capacity of Optical Discs

CD
λ=780 nm, NA=0.45

~ 0.7 bit/µm2λ

NA > 0.6 DVD
λ=650 nm, NA=0.6
~ 4.5 bits/µm2

D=1.22λ/(NA) 
Diffraction-limited 

Focused Spot DVR
λ=405 nm , NA=0.85

> 20 bits/µm2



Holographic Data Storage

Storage Density: ~ 400 bits/µm2

CCD
read array

Read lens

Holographic
storage medium

Write lens

Reference 
beams

Write
beam

Spatial Light Modulator 
Write array



Diode Laser Arrays

n - type
Active layer
p - type cap

Mirror
facet

Laser bar Bar bond plate

Wire bond

Insulating wire
bond plate

Metalization

Individual
stripe emitter

Aperture width

Center-to-center spacing

Insulator
Heat-sink plate

High-conductance liquid cooler

In edge-emitter arrays, 
individual stripe lasers are 
components of monolithic 
bar arrays

To form a two-dimensional 
array, bars are stacked 
together on a common heat 
sink 



Solid State Lasers Pumping

Pumping
Laser 
Radiation

Excitation Band
Nonradiative
Decay

Typical Side-Pumped 
Solid State Laser

Side view

Laser
array Cylinder

lens
Micro-
lens
array

Solid State
Rod

Top view

Flash Lamp: Wide Spectrum

Low Pumping Efficiency

Diode lasers pump energy 
directly in the excitation band



Laser Array Cooling Techniques

Output Power is dependant on array thermal design

Microchannel
cooler

Diode
array Laser-array

output
Clamping

force

Coolant
input

Coolant
output

Clamping
to insure

water
seals and
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integrity

Insulator
Heat-sink plate

High-conductance liquid cooler

Coolant

Bar bond plate
Wire bond

Insulating wire
bond plate

Metalization

Diode-laser
arrayMetalizationInsulator

Diode-laser output

Microchannel Cooling of 
Each Bar

Common Heat Sink for 
Separate Bars

Bars Directly Mounted on 
a Common Heat Sink



Vertical-cavity surface-emitting lasers 
(VCSELs)

Light
Metal

HR-stack
mirrors

Active
region

Substrate
Metal

VCSEL consists of a vertical laser cavity 
defined by the active region surrounded 
by high-reflector (HR) stacks that 
comprise the mirrors 

Light emission occurs through the top 
surface

Each laser region is exceedingly small (a few µm across), and millions 
can be placed onto a single chip. Their compactness and low 
threshold current makes them suitable for optical interconnects
and optical computing



Free-Space Optical Communications
Attractive Alternative to Optical Fibers

Outer caseExtends beyond lens
to block stray light

Narrow band filter
blocks sunlight

Small lens for
outgoing beam

Detector

Narrow
output
beam

Broad
input
beam

Coated window
with defroster

Large receiving
lens Optical

fiber
Laser

source Input
fiber

To local
network

Output
fiber

Power supply
laser driver
electronics

Components of a Single-Channel 
Atmospheric Transmitter/Receiver  

Point-to-point Atmospheric 
Links Among Buildings 



Free-Space Optical Communications

Operation Wavelength: 
λ= 780, 850 nm (P < 1 mW )
λ=1500 nm  (P < 10 mW )

Transmission Distance:
100 m – 1 km 

Transmission Rate:
155 Mbit/s; 622 Mbit/s

( Higher speed systems are in development)

Major Potential Application:
Cellular-phones connections bandwidth
enhancement

Eye Safety
Low Cost



Light Detection And Ranging (LIDAR)
Basic LIDAR

(Range Finder)
Differential Absorption 

LIDAR(DIAL) 

Used to measure chemical concentrations 
(ozone, water vapor, pollutants) 

in the atmosphere

Used to measure the distance 
from a solid or hard target

Gas sample
strongly absorbing at ω1
weakly absorbing at ω2

Receiving
telescope

Elastically scattered
light attenuated by

absorber at ω1, 
unaffected at ω2

ω1
Two-color laser

transmitter ω2

Laser
transmitter

Scattered light
(return signal)

Receiving
telescope

Trigger
pulse

Optical
filters and
detectors

Data acquisition
and signal analysis



Doppler LIDAR 

Moving scatterers

Single-frequency
laser transmitter

Doppler-shifted
return signal

Receiving
telescope

Beamsplitters

RF spectrum
analyzerReference

detector

Signal
detector

Local
oscillator

Measurements of 
wind velocity

Doppler LIDAR systems 
on aircrafts detect 

dangerous air turbulence

A Doppler LIDAR system measures the velocity of moving targets by 
comparing the frequency of the return signal to that of the transmitter


