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Laser diodes show interesting mode compe-
tition phenomena. For example streak cam- 2.0 Electrons
era measurements show cyclic mode hopping,
where the currently active mode changes from
higher to lower wavelengths. This can be ex-
plained by third order effects such as beating
vibrations of the carrier density[1]. The simu- 0.0
lations are based on the Semiconductor-Bloch

equations|2], where band structure and momen-

tum matrix elements are given by k - p theory. §
The coupling of electrons and holes with the rel- E
evant modes can be obtained using a waveg- 0.5
uide solver and the pump currents are calcu- 0.0
lated from Drift-Diffusion simulations. —H0 e =0 e 00 s e80T 100
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The figure above shows electron/hole losses and

Electrons

1.0
current densities for a voltage above threshold, 1gl limooz======aaa |
here the capture process is described by a term . — gm E;cetron
Waveguide Modes 0 .an R ow e QW2 Electron
. . L ot = —Cli (1_fk|| ) ~ == QW2 Hole

The TE modes and their effective refractive in- Capture 02 e —|
dices can be obtained by solving the eigenequa- | | The figure on the right shows the fraction of the =~ N
tion total current that ends up in each of the two QWs.
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The group refractive index Mode Coupling

ONefs Third order terms due to spatial variations of the form A/Aw which favors the mode with the lower
Ow carrier densities in the QWs cause an effective frequency. The figure below shows the sym-
coupling between photon numbers in different metric and asymmetric coupling terms for differ-
modes. This coupling between two modes de- ent carrier densities using Coulomb-Scattering.

Ngr = Neff + W

determines the mode spacing Aw and is

therefore important for the mode dynamics. pends mostly on the frequency difference and

E, Lo Refractive Index can approximately be written as
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0 The symmetric contribution can be described by

. . a Lorentzian B/(Aw*T? + 1), where the broaden-
o o ing is determined by a scattering time .. The
asymmetric contribution approximately has the
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Comparison with Streak Camera Measurements

The figure on the right shows simulated and mea-

sured mode dynamics for a laser diode with a  ° i
length of 900 um. The average time between ~_,
two peaks defines the mode rolling frequency. = sis
This frequency depends strongly on the scatter- £ 516
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ing time 7,, which is shown in the figure below. 515
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Conclusion

The mode rolling observed in laser diodes
can be explained using the position-dependent
Semiconductor-Bloch equations. In the future
we will also consider the temperature dynamics
inside the diode.
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