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3-section DBR laser

Z~segment No. 1

MQW Active Layers :
Passive DBR
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Passive Phase
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Physical model required:

Current injection (drift-

diffusion model) for all

segments.

MQW gain model in segment 1.

Index change model in

segment 2 & 3.

DBR grating model in segment
3 (coupled mode theory).

Lateral optical mode solver for

all segments.

Longitudinal mode model

(Green'’s function theory)

for all segments.
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Round trip gain (RTG)
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Carrier conc. distribution
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®Drift-diffusion equation solver finds 3D distribution of
electron/hole carrier concentrations.

®Carrier conc. change 2 Refractive index distribution=>
change in lateral/longitudinal modes
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Carrier conc. around MQW
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®Quantum drift-diffusion model finds 3D distribution of
electron/hole at MQW regions.

®Optical gain peak of the MQW and DBR spectrum
determines lasing wavelength.
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48 Longitudinal mode distribution
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Modeling/Design Issues:

Segments 2 & 3 should

be close to but below bandgap
to avoid optical loss but also
to provide change of index.
Both waveguide and DBR
grating should vary with
injection current.
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Wavelength (um|

Tuning behavior

5568

5566

5564

5562

1.556

5558

5556

5554

5552

1.555

Conclusion->» Possible to integrate many
modules to describe complex laser behavior
in 3D spatial and spectral dimensions.
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Multiple lateral/longitudinal mode

simulation.
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Broad-area laser with 1
adjustable stripe

Adjustable twin-stripe for lateral mode control

GRIN-SQW

Symmetric axis
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Pumping of different modes
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Power Right (mW) Mode 1+...

Multi-mode considerations
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®Must solve a whole different set of longitudinal modes using modal
indices of different lateral modes.

®Each longitudinal mode is always associated with a particular
lateral mode.

®Must consider longitudinal and lateral spatial hole burning effects
for different lateral/longitudinal modes.
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Multi-lateral mode spectrum

Mode Spectrum (dB)
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®Different peaks for different lateral modes.
®May be used to monitor suppression of lateral modes.
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= Lateral mode competition in VCSEL.
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"3 Symmetric v. asymmetric VCSEL

16

Reflection
symmetry

axis -

Top contact
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w Bottom DBR
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Models required:

®Full 3D drift-diffusion model: cylindrical symmetry no longer available.
®Lateral mode model with both phi and theta dependence.

®MQW gain model as usual.

®Transfer matrix model for longitudinal modes as usual.
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Asymmetric VCSEL injection

Current magnitude

Contact

File Mame : jim=id 0010
File Type : FICS3D™
Variahle [Mame :

total curr mag

3D Cuhe Comtour Parameters :
X Range:0-75

s | Y Range : 0 - 6 8959
QW'’S | zRange :0- 180

A/ X Cut Line Num : 20

3 Y Cut Line Num : 20

Z Cut Line Num : 20

Fundamental mode
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B Within the quantum well
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Wave_Intensity
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Different modes
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B Symmetric VCSEL injection

Current magnitude

File Name uns'ﬂl 0010
File Type : PICS

Variahle Mame :
total curr mag

%D Cuhe Cnntour Parameters :
6.8959

Z Ra.nge - 68959

X% Cut Line Mum : 20
Y Cut Line Mum : 20
Z Cut Line Mum : 20
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I Different symmetric modes

Fundamental mode
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Mode competition behavor

, Asymmetric VCSEL
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Conclusions

®a) VCSEL has similar
lateral mode competition behavior
as edge laser;

®b) Asymmetric VCSEL mode is
necessary to simulate multi-lateral
mode behavior.
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Symmetric VCSEL
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= Different k.p theories.
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K.p theories for zinc-blende

4-band k.p Model, Conduction and Valence Subbands versus kt

0.25

0.2 |

Subbands from 8x8 k.p theory

For GaAs/AIGaAs
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Motivations:

®When conventional parabolic gain
model does not fit experiment, we
need to try something else.

®Need to determine whether it is worth
the trouble to go to higher order k.p
theories.
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Comparison for GaAs/AlGaAs QW
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Spontaneous em. spectrum

Spontaneous Em. (1/em”3/s)
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Light v. current

Laser Power (mWV)
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Comparison for InGaAsP QW
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InGaAsP QW PL
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InGaAsP QW L-I curve
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Conclusions on k.p models

= For wide bandgap system such as GaAs, no
need to go to 8x8.

= For smaller bandgap system such as
InGaAsP at 1.55 um, 8x8 may improve
accuracy.

= 8x8 does not make fundamental
difference to PL/gain spectrum shape.

= JDOS and/or manybody effects more
likely to results in better fit to experiments.
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