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All-optical Switches for integration

Throughput of routing nodes is a bottleneck that
has to be addressed
Several proposals for an all-optical node to enable
all-optical packet switching
An all-optical switch based on MZI plays a main
role, could this role be extended
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Properly designed MMI couplers can enable
Signals combination & separation
Controllable Direction of input to a specific output by phase adjustment
Directing different inputs to different outputs after interaction

Novel Switch based on Active MMI
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Simulation results for XPM and XGM

Simulation results support the validity of the new idea
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Measurement of XGM
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Analysis of phase dynamics in active MMI
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Basic formulation of the problem (1)
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Profiles of optical mode
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Basic formulation of the problem (2)
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A separate rate equation for each carrier profile coefficient
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The carrier density coefficients’ update equations
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All overlapping coefficients are calculated before the program run time

Update equation for carrier density coefficients (2)
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1. The carrier rate equation is multiplied by the corresponding lateral distribution

2. The cross-sectional averaging is performed

3. An update equation is obtained whose coefficients are dependent on the overlap integrals

Modified nonlinear propagation equation
The propagation of a wave envelop

Following the approximation of the first order perturbation

where

is the overlapping coefficient between mode n and carrier distribution m
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Solving the system of equations by artificial interleaving
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Simulation parameters

> 15 dB

Self phase modulation in 1x1 active MMI
Input Gaussian
Gaussian un-chirped
un-chirped pulse
pulse of
of 15
15 ps
ps FWHM
FWHM
Input
Injected current
current density
density 4.5
4.5 kA/cm2
kA/cm2
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Carrier density distribution in a 1x1 active MMI
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Pulse propagation with time in a 2x2 active MMI (1)
Input Gaussian
Gaussian un-chirped
un-chirped pulse
pulse of
of 15
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density 4.5
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Pulse propagation with time in a 2x2 active MMI (2)

66 ps
ps

14.4
14.4 ps
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24
24 ps
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Summary and outlook
Optical pulse propagation in narrow active MMI is modeled and simulated.
A set of adapted nonlinear wave equations coupled with approx. carrier densities
are derived then numerically solved.
The numerical solution is based on artificial interleaving of optical fields and
carrier coefficients; in which they are solved by the FDTD method.
Self phase modulation in single-input single-output active MMI are calculated
with the developed code.
XGM and XPM in 2x2 active MMI’s are currently under development .

