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Multi-longitudinal mode instabilities in semiconductasers €olloquially referred to as
kinks) can drastically affect device performance giedd. Simulationghat accurately predict
multi-longitudinal mode instabilities use spatio-temporal partial differential equations, which
can add unnecessary computational overhead. Simpler time resolved rate equations are much
faster by comparison but cannot indicate potential multi-longitudinal instabilities. A solution is
to develop a hierarchy of equations, ranging from a full spatio-temporal model to a simple
single mode model, which are self-consistaaitoss allevels.
The longitudinally resolved semiconductaser rate equations are
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with boundary conditions
E'(z=0)= JRiE(z=0),E(z=L) = JR:E*(z=L).

Symbols have the meaning attributed i
The self consistent coupled mode model derived from the PDE model above is [2]
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All of the parameters ardirectly related to th@arameters in the PDE model.
Truncated coupled mode models can be numerically integeptiellly compared to the
PDE model when the laser is operating in a single mode regime. Single mode operation is
occurs when the carrier grating termié; (N> . .. ) arezero. When energy flow between modes
is critical the carrier gratinterms becomeaon-zero (Fig. 1). This provides anonitor of
when multi-mode dynamics becomes important, even if energy is predominantly in a single
mode.
The kink instability in fabryperot lasers is used as a test for tierarchical model
approach. Figure 2 shows tkimk instability calculated with the PDE model and a 5 mode
model using same parameters. The 5 mode model accurately predicts the current regime in
which the kinkoccurs and where further investigation with the PDE model is needed to
understand the dynamics.
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Fig. 1: Energy flow between modes (left figure) is indicatechby-zero carrier grating
terms (right figure). The carrier grating terms can be monitored to indicate when multimode
dynamics are present.

40 50 60 70 80 40 50 60 70 80
Current (mA) Current (mA)
Fig. 2: Kink instability calculated with the PDE model (left figure) and 5 mode model
(right figure) with the same parameters. The 5 mode model correctly indicates that multimode
dynamics is important between 60 and 70 mA but does not accurately predict exactly where

the kinkoccurs. The coupled mode model agrickly scan the current range and flag regions
which need more careful study with the PDE model.



