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Selectively-Oxidized VCSELs Most-Widely Fabricated VCSELs
Small Aperture for Single-Mode
Current Confinement provided by Oxide Aperture
Oxide Aperture provides the index guiding

Positive Index Guiding
Lateral Transport leads to higher resistance in the p-DBRs.

Single-Mode Selectively-Oxidized VCSELs

p-DBRs

n-DBRs

λ-cavity with QWs or QDs
Oxide layer

p-metal contact

n-metal contact

Laser

Lateral neff

position

currentcurrent

High-Power & High Speed Single-Mode VCSELs:
Large Aperture Diameter High Power VCSELs
Low Parasitic Resistance High Speed VCSELs
Single Lateral-Mode Control

Problem of Selectively Oxidized VCSELs
Increase the Aperture Multi-transverse Modes
Low Power Due to  the small aperture
High Parasitic High resistance from lateral transport

Limitation of Single-mode Selectively-Oxidized VCSELs

Single Mode Multiple Mode

d d’ (>d)Lateral neff

Proposed Solution for High-Power 
and High-Speed Single-Mode VCSELs

Goals of the VCSELs Design are to Achieve:
Large Aperture High Power

Use Loss-Dependent Mode Selective Structure
Still Single Lateral Mode
Low Parasitic High Speed

Remove the Oxide Aperture?

Proposed Solutions:
Photonic-Lattice and ARROW-VCSELs

Properties of the Lateral Radiation Loss of Anti-Guide VCSELs

The lateral αradiation depends on the nth-order of the mode
αn ~ (n+1)2α0 (i.e. α1~4α0 ; α2~9α0)

The loss of the fundamental mode increases when the area increases
α0 ~ d2 (Area)
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Comparison of Antiguide and ARROW

DBR reduces the lateral radiation loss 

large radiation loss large radiation loss

Lateral neff

small radiation loss small radiation loss
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Photonic Lattice Structure of VCSEL

We propose this photonic lattice structure in order to achieve
Low lateral radiation loss of the fundamental mode
High lateral radiation loss of the high order modes
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Effective Index Model of VCSELs1
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Photonic Lattice VCSELs Structure

Cross Sectional Schematic

Index

Photonic Lattice VCSELs structure can be achieved by:
1) MOCVD Growth of the VCSELs Base
2) Selective MOCVD Regrowth for the Higher Index Regions.

Field-Transfer Matrix Method

Cylindrical Multilayered Waveguide Modal
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Field-Transfer Matrix Method

( ) 0)()(1)(
2

2
222

02

2

=⋅







−−+

∂
∂

+
∂

∂ r
r
nnnk

r
r

rr
r

ieffi
ii ψψψ

Bessel differential Function

General Solutions (when                     and define          )
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Field-Transfer Matrix Method

Relationship of coefficient from  ith layer to i+1th layer:
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Field-Transfer Matrix Method

Relationship of coefficient from  1st layer to Nth layer:
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Eigenequation and Determinant of the matrix:
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ARROW

Structure of ARROW and Antiguide
Index

Photonic Lattice

Index

Target of Photonic Lattice
The fundamental mode could be reflected;
The higher modes should be leaky

Structure of Photonic Lattice Structure

Numerical Result

ARROW VCSELs for Single-Mode:

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

0 1 2 3 4 5 6

fundamental
mode [01]
loss

1st order
mode [11]
loss

2nd order
mode [02]
loss

3rd order
mode [12]
loss

Numerical Result

Photonic-lattice VCSELs for Single-Mode:
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Photonic-Lattice VCSEL

High index layer 2
High index layer 1
High index layer 2
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Structures can be realized by: 2 Steps MOCVD Process

Summary and Future Plan
Advantages:

Controllable single lateral mode due to only fundamental 
mode is selectively reflected
High possibility to achieve large aperture diameter due to 
single fundamental mode is confined High Power VCSELs
Based on mature MOCVD fabrication technology

Future plans:
Accurately confirm the modeling with ARROW and photonic 
lattice VCSELs
Study the static and dynamic properties of VCSELs based on 
ARROW and photonic lattice structure
Optimization for achieving the high speed VCSELs
MOCVD growth of ARROW and photonic lattice VCSELs


