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Article Overview

Semiconductor optical amplifier noise primarily arises from amplified spontaneous emission (ASE) and phase

noise, with typical noise figures around 4 dB for low-noise SOAs.

Types of Noise in SOAs

Amplified Spontaneous Emission (ASE): ASE is the dominant noise source in SOAs. It occurs when

spontaneous emission from the active region is amplified along with the signal, contributing to the overall

noise figure (NF) of the amplifier. Low-noise SOAs can achieve noise figures of 4 dB or lower at typical

operating currents, making them comparable to erbium-doped fiber amplifiers (EDFAs) for single-channel

applications . Phase Noise: SOAs also introduce phase noise, which can affect coherent optical

communication systems. Phase noise can be measured using interferometric techniques, such as a

Mach-Zehnder interferometer with an acousto-optic modulator in one arm. Measurements show that the phase

noise floor decreases with increasing input laser power, reaching levels as low as -125 dBrad2/Hz at 100 kHz

and an upper bound of -32 dBrad2/Hz at 1 Hz, corresponding to extremely high frequency stability .

Factors Affecting Noise

o Active Layer Structure: The width of the active layer, gain region length, and multi-quantum well (MQW)

design influence the NF. Optimizing these parameters can reduce ASE and improve output power while

maintaining low noise .

o Operating Current: Higher injection currents can increase gain but may also increase ASE. Careful current

control is essential for low-noise operation.

o Input Signal Power: Phase noise decreases with higher input power, as the relative contribution of

spontaneous emission becomes smaller .

Practical Implications

SOAs are widely used in optical communication systems to compensate for fiber losses, especially in compact

or integrated photonic circuits. Their low noise and high output power make them suitable for single-channel

amplification, coherent detection systems, and applications requiring compact, low-power optical

amplification . Understanding and minimizing ASE and phase noise is critical for maintaining signal integrity

in high-speed, multilevel modulation formats such as PSK or QAM. In summary, SOA noise is dominated by

ASE and phase noise, and careful design of the active region, operating conditions, and input power can

achieve low-noise performance suitable for modern optical networks .
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Suppression of Brillouin amplifier intensity noise is demonstrated by use of a semiconductor optical amplifier

(SOA) at

Abstract We perform a theoretical investigation of two modeling approaches for the amplified spontaneous

emission

In doped fiber amplifiers and bulk lasers, stimulated emission in the amplifier''s gain medium causes

amplification of incoming light. In

Polarization-insensitive semiconductor optical amplifiers (SOAs) in all-optical networks can improve the

signal-light

The chapter is dedicated to the basics and key parameters of semiconductor optical amplifiers (SOAs). A

general

One of the important devices for developing optical networks is the semiconductor optical amplifier (SOA).

SOAs are

We present a theoretical analysis and an experimental study of the statistical properties of the noise

accompanying an

Wideband Gaussian Noise Model of Nonlinear Distortions From Semiconductor Optical Amplifiers Hartmut

Hafermann, Senior

In-line amplifiers: Periodically amplify signal due to fiber attenuation, high G, high Psat. An illustration of the

effective gainis given

A detailed analysis of the noise spectrum of a semiconductor optical amplifier excited by an

amplitude-modulated

A theoretical analysis of the intensity and the frequency noise in semiconductor optical amplifiers (SOA) is

given.

These results demonstrate that the SOA is promising as a compact, low power consumption and low noise

optical amplifier for next

Abstract--We introduce a novel measurement method for the phase noise measurement of optical amplifiers,

topologically similar to
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The creation and development of optical amplifiers has provided significant increases in information capacity

in

For signal distortions caused by nonlinear optical fibers, analytical models based on perturbation theory have

proven invaluable to

Broad-band semiconductor optical amplifiers (SOAs) with different thicknesses and thin bulk tensile-strained

active
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