International Workshop on Computational Nanotechnology

Time-Domain Computation of the Linewidth
Enhancement Factor in Multi-Quantum-Well
Semiconductor Optical Amplifiers

O.E. Asirim, C. Jirauschek
TUM School of Computation, Information and Technology, Technical University of Munich, Hans-Piloty
Strale 1, 85748 Garching, Germany
e-mail: ozum.asirim@tum.de

ABSTRACT

The linewidth enhancement factor (LWEF) of
a semiconductor optical amplifier (SOA)
drastically affects the coherence of the amplified
beam. Its measurement, however, is complicated
due to its sensitivity to the underlying SOA
parameters. As practical SOAs are mostly based
on multi-quantum-wells (MQWs), this paper
aims to introduce a robust algorithm that can be
used to compute the time variation of the LWEF
of an MQW-SOA. The attained simulation results
are confirmed with experimental findings.

INTRODUCTION

The linewidth enhancement factor (LWEF) of a
semiconductor optical amplifier (SOA) is a
measure of the refractive index fluctuations in its
active medium, which distort the coherence of the
amplified optical beam [1]. A high LWEF has
been shown to heavily degrade the signal quality
in optoelectronic devices, such as frequency-
swept lasers [2-3], where SOAs are used as the
master component. Due to the involved
experimental procedure of measuring the LWEF
[4-5], a systematic computational algorithm is of
great interest for an accurate estimation of the
LWEF. Here, we offer a computationally
straightforward procedure for evaluating the time
variation of the LWEF through the solution of the
rate equations for the carrier and the photon
densities in the overall active region, and also
within each identical quantum-well.

MODEL

The LWEF is a ratio of the variations of the real
and imaginary parts of the electric susceptibility
against the carrier density

Barcelona, June 12-16 2023

Ne
0| Red 14y + gt mgo — /aN

- Ne?
A Imi 1+ x+—— e mgo — /aN

(1) N:Carrier density, y: Background susceptibility
m: Electron mass, w: Ang. frequency, &y: Permittivity
wo:Ang. transition frequency, e: Unit charge

where the transition linewidth (2 depends on the
carrier lifetime 7. and the collision time T,

2=0/t)+UT) (2

In an MQW-SOA, the carriers are mostly
confined in the wells. Thus the carrier lifetime
and the carrier collision time are computed based
on the carrier density within the QWs as 7, =
1/(A+ BNyy + CNoy® + DNy *®), T. = K /Ny

A: Defect coef ficient, Noy: QW carrier density
B: Radiative coefficient, C: Auger coef ficient
K: Collision constant, D: Leakage coef ficient

Equations 1-2 are functions of the carrier density
within the QWs. Therefore, the rate equations for
the active medium and the QWs are solved
concurrently as they are coupled to each other
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S: Photon density, N: Carrier density, I: Pump current
I': Optical confinement factor,V:Volume, L: Length
G:Small signal gain, 1: Wavelength, c: Speed of light
$int Injection ef ficiency, 7,: Photon lif etime
I;,: QW injection ef ficiency, n,: Refractive index
{: QW carrier confinement ratio (0 < { < 1)

N¢y: Threshold carrier density, M: Number of QWs

An accurate model for computing the LWEF as a
time-invariant constant was developed by Vahala
et al. [4]. Fig. 1 shows the steady state value of
the time-dependent LWEF versus frequency
attained by following the outlined procedure, and
the frequency variation of the time-independent
LWEF based on the experimentally confirmed
analytical formulation by Vahala et al. [4]
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Fig. 1. Comparison of the LWEF variation versus frequency
based on numerical computation and semiempirical values.
The steady state values of the LWEF are plotted
against frequency in Figures 2-3 for different QW
carrier densities Ngy,, and ratios of the active
region volume to the total volume occupied by
the wells k¥ = Vctive /Viwer Within the operation
bandwidth of InP-InGaAsP MQW-SOAs. The
LWEEF is observed to decrease with increasing
values of Ngy and k, confirming experimental

observations [1,4].
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Viwerr = (M X Vo), Viey : Single well volume
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Fig. 1. Variation of the LWEF against frequency for
different carrier densities within the quantum wells.
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Fig. 2. Variation of the LWEF against frequency for high
ratios of the active region volume to the total QW volume.

CONCLUSION

A straightforward computational procedure is
outlined for estimating the LWEF of an MQW-
SOA in time. The presented procedure enables
fast computation of the LWEF with high
accuracy and requires fewer input parameters.
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