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Applications

e Fiber Technologies
* Multimode Fiber
* Fiber Communications
.

* Plastic Optical Fiber 1 .-..-...
= REdVCSELS ieg400 o 154 9~ Contact pads

e Bio-Sensing
* Glucose monitoring
* Cancer/tumor sensing
* Tissue mapping
* Neural network mapping

[7,8]



VS. Edge

mes from surface
an edge
L has a tighter circular

EL can couple to fiber
ologies easier (common
ation)

ity to be placed into 2-D

tested during
n (on-wafer)

From Computer Desktop Encyclopedia
@ 2000 The Computer Language Co. Inc.

Double
Heterostructure

e,

) T active
layer
Gain-guided
Stripe
T active
layer
Vertical Cavity




=
Increasing Bandgap
E
Yop Mirror ———

Spacer Reglon —

———
——d
Substrate i —_—

i "

Structure Composition

«Mostly Grown by Molecular Beam Epitaxy operating current)

*Thin active layer ( A/4 ) High operation temperature negatively
«Narrow p-i-n structure makes possible low- effects optical power

resistance active region -Can be modulated by varying bias current
-Low current density requirement (Low 7]
1,7



Structure

GaAs materials are fav
Active Region: InGaAs
DBR Layers: AlGaAs
Common wavelength range
Top DBR to 1300nm

Insulator - Wavelength can be modulate
compositions within a wafer

Light out

Metal

\ 3 QW active layer

Bottom DBR

Substrate




Current Control

EU[IB! junction tunnel arcl:ltecture

lon-implanted VCELS
* Often H+ implanted

Epitaxial .

top mirror * Destroys lattice structure
around aperture

-Oxide VCSELs
Active - '
region * Oxidize material around aperture
* Easily done within an AlGaAs layer
with high Al content
- Current

* Non-uniform Al concentrations
cause defects in oxide and thus
aperture defects

confinement

Uislectric Buried junction tunnels
- bottom . : '
mirror * Heavily doped n-p junction placed

within optical field

* Reduction in electrical resistance,
and optical absorption loss

* Lowers thermal conductivity (self-
heating can become a problem)

[2,4,9]



Tunable VCSEL -
MEMS/Cantilever

« Top mirror is replaced by a p-
DBR/airgap/n-DBR structure

« Uses piezoelectric properties of
AlGaAs in order to physically
change the shape of the top
mirror

« Low fabrication tolerance

« Cantilever structure is moved by
applying a voltage between the n-
DBR and p-DBR, across the airgap

«  Maximum deflection is 1/3 the
airgap size (1/3 rule)

- Limited by airgap size, alarge
airgap narrows Fabry-Perot mode
and thus smaller tuning range

- Optimal designs exist with
approximately 5% change in
wavelength
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Tunable VCSEL -
High-Index-Grating

- Surface grating of
different refraction index
materials can replace a DBR
mirror or with conjunction
with smaller top DBR

+ 10-20 times thinner than a
typical DBR

- Large Fabrication
tolerances

 Very high reflectivity can
be achieved (>99.95%)

- Experimental tuning range
of 18nm with 35-40nm
theoretically achievable

«  Maximum tuning not
governed by 1/3 rule
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Sacrificial layer |
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Back3|de n-contact

(a)

Aclive region

Tuning Contact
High-Contrast Grating

" ——___ ,  $Electic feld Laser Contact
doped—» . ey

intrinsic —  Sacrificial Layer
P_doped_, W2 DBRS

B~ ctive Region I

N-a’aped e
=2 ——————————————————————————— L

ITop mirror

[N Ty | { (ol B S R ——

(b)



10.

Sources

Jack L. Jewell, J. P Harbison, A.Scherer, Y. H. Lee, and L. T. Florez; “Vertical-Cavity Surface-Emitting
Lasers: Design, Growth, Fabrication, Charcterization”; IEE Journel of Quantum Electronics, VOL. 27. NO. 6,
JUNE 1991

Y. Onishi, N. Saga, K. Koyama, H. Doi, T. Ishizuka, T. Yamada, K. Fujii, H. Mori, J. Hashimoto, M. Shimazu,
A. Yamugachi, and T. Katsuyama; “ Long-Wavelength GalnNAs Vertical-Cavity Surface-Emitting Laser With
Buried Tunnel Junction’’;IEE Journal of Selected Topics in Quantum Electronics, VOL. 15, NO. 3, MAY/JUNE
2009

M. C. Y. Haung, Kan Bun Cheng, Ye Zhou, A. P. Pisano, C. J. Chang-Hasnain; “Monolithic Integrated
Piezoelectric MEMS-Tunable VCSEL”; IEE Journal of Selected Topics in Quantum Electronics, VOL 13, NO 2,
MARCH/APRIL 2007

Connie J. Chang-Hasnain; “Tunable VCSEL"”; IEE Journal on Selected Quantum Electronics, VOL. 6, NO. 4,
NOVEMBER/DECEMBER 2000

Ye Zhou, M. C. Y. Huang, C. Chase, V. Karagodsky, M. Moewe, Bala Pesala, F.G. Sedgwick, C. J. Chang-
Hasnain; “High-Index-Contrast Grating (HCG) and Its Applications in Optoelectronic Devices’’; IEE Journal of
Selected Topics in Quantum Electronics, VOL 15, NO. 5, 2009

“VCSEL”; Webster's New World Telecom Dictionary Copyright © 2010 by Wiley Publishing, Inc.,
Indianapolis, Indiana;John Wiley & Sons, Inc. ; youdictionary.com

John Justice; “ Vertical Cavity Surface Emitting Laser (VCSEL) Research: Researching next generation
emitters and their applications”; Tyndal National Institute; http://www.tyndall.ie/PDFs/vscel.pdf

Edward S. Rogers Sr.; Levi group: Integrated Bio-sensors and Bio-imaging Systems; University of
Toronto; biophotonics.utoronto.ca

Stephen Hardy; “ Long-wave VCSEL products reach production’; August 31, 2005; ww.lightwave.com

Dr. Alan Doolittle; “Light Emitting Diodes and Lasers”; Georgia Institute of Technology;
http://users.ece.gatech.edu/~alan/ECE3080/Lectures/ECE3080-L-11d-LEDs%20and%20Lasers.pdf



