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Abstract

Strained Quantum well lasers were theoretically expected to
have very high modulation bandwidths, around 90 Ghz, owing to
their high differential gain compared to bulk double heterostructure
DH lasers. Experimentally it was found that multiple quantum well
lasers have modulation bandwidths lower than half the expected
value, while single quantum well SQW lasers have bandwidths
even less. This reduction in bandwidth is suggested to depend on
several factors, the non-zero capture time of the carriers in the well,
the emission time of carriers out of the well and the transport
effects of carriers specially holes, in wide undoped separate
confinement heterostructure SCH barriers. A model is constructed
which takes into consideration the above three factors
simultaneously. This model can also account for the effect of
placing the QW away from the center SCH to study the relative
effect of the transport of holes against electrons. The model is
based on continuity equations for electron and hole currents, and
the rate equations which describe photon and carrier dynamics with
the gain compression included. A linearized small signal single
mode solution for these coupled equations is obtained analytically.
The frequency response results’ are analyzed and compared to
published experimental work. The results show that the capture
time, although very small around 1ps, cannot be neglected as it is
multiplied by large weighting factor that depends on the width of
the SCH, and affects both the -3 dB modulation bandwidth BW and
the damping coefficient of the laser response. On the other hand the
transport affects only the BW and rather less dominantly and can be
neglected for small SCH width. The model also predicts that
damping depends on the ratio of capture to emission times, in
accordance with previous work.
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~ List of Symbols

Unit vectors in x,y, and z directions.
Area normal to the injected current.
Transition probability coefficient.
Internal loss coefficient.

Mirror loss.

Differential SCH transport factor.

Transition probability coefficient.
Fraction of the spontaneous emission coupled to
the lasing mode. :
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Velocity of light.
Transport factor. .

Width of active layer.

Slope of £, versus Jﬁ .
Ambipolar diffusion coefficient.
Electrons diffusion constant.
Holes diffusion constant.
Shawlow and Townes linewidth.

| Electron’s charge.

Energy of the electron.
Electric field.

Effective barrier height.
Fermi level.

Band gap energy.

Gain compression or nonlinear gain coefficient.
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Frequency.

Relaxation oscillation frequency.
Probability of finding an electron in the conduction
band.

Probability of finding an electron in the valence
band.

Fermi-function.

Quasi-Fermi level for electrons.

Langevin noise sources.

Quasi-Fermi level for holes.

Differential gain.

Effective differential gain.

Threshold gain.

Gain coefficient. j

Damping, coefficient. f

Confinement factor. ‘
|

| Planck’s constant. i =h/2 7

System Hamiltonian.
Ratio of number of carriers in SCH to number of ‘
carriers in the quantum well at equilibrium.

Amplitude of small 51gnal component of pump
current.

Pump current.

Steady state component of pump current.

Electron current.
Hole current. !
Threshold current density. ' |

Wave vector.

Wave vector component in x,y and z direction.
Damping factor. _
Boltzman's constant. !
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Length of optical cavity.

Ambipolar diffusion length.

Effective quantum well depth.

Width of SCH between the quantum well and any
of the claddings. - |

Width of quantum well.

Wavelength.

Mass of free electron.
Effective mass.
Electron mobility.
Hole mobility.

Electron concentration.

Refractive index.

Barrier or confinement region carrier number.
Transparency carrier concentration.
Threshold carrier concentration.

Hole concentration.

Number of wells.

Frequency.
Frequency of the gain peak.

Noise power spectral density.
Electromagnetic power/unit area.
Optical power.

Momentum operator,

2D carrier density in the quantum well.

- 3D carner density in the quantum well .

Hole concentration.
Positive integers.

Position vector.

Mirror reflectivities.

Spontaneous emission rate, ' :
Ratio of width of SCH to width of quantum well.
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Density of states.
Reduced density of states.

Total Photon density.

Steady state component of photon density.
Amplitude of small signal component of photon
density. »

Temperature.

Carner life time.

Capture tume.

Thermionic life time.

Photon life time.

Ambipolar transport time.

Average transport time for electrons.
Average transport time for holes.

Bloch function.
Recombination rate.

Group velocity.

Potential created by the crystal lattice.
Volume of the well.

Volume of SCH.

Electromagnetic density.
Relaxation oscillation angular frequency.

Electron wave function.
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BW
MQW

SCH
SHB
SQW
QW
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Multiple quantum well.

Relative intensity noise.

Separate confinement heterostructure.
Spectral hole burning.

Single quantum well.

Quantum well.



