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Noise generated by the optical amplifier

Overview
Apart from amplifying the input signal, every optical amplifier also adds some excess
noise to the output. This is often quantified with the so-called noise figure.

Key Takeaways
Optical amplifiers introduce noise primarily through amplified spontaneous emission
(ASE) and quantum effects, which degrade the signal-to-noise ratio and are
quantified by the noise figure.

Sources of Noise

Amplified Spontaneous Emission (ASE): ASE is the dominant noise source in optical
amplifiers. It occurs when excited ions or electrons in the gain medium spontaneously
emit photons, which are then amplified along with the signal. This produces
broadband noise that can be modeled as white noise and contributes directly to the
degradation of the signal-to-noise ratio (SNR) in optical communication systems.

Quantum Noise: Quantum mechanics imposes a fundamental limit on amplifier noise.
For phase-insensitive amplifiers, the minimum noise figure is 3 dB, meaning the
output noise power is at least twice that of a hypothetical noiseless amplifier. This
arises from the Heisenberg uncertainty principle and the unavoidable fluctuations in
photon number and phase.

Shot Noise and Thermal Noise: Shot noise results from the discrete nature of photons
and electrons, while thermal noise arises from thermal fluctuations in the amplifier
components. In modern optical amplifiers, thermal noise is usually negligible, but
shot noise remains a fundamental limit.
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Quantifying Noise

Noise Figure (NF): The noise figure measures the degradation of SNR caused by the
amplifier. It is defined as the ratio of input SNR to output SNR and is expressed in
decibels (dB). A noise figure of 0 dB corresponds to an ideal noiseless amplifier, while
practical optical amplifiers typically have NF values above 3 dB due to ASE and
quantum noise.

Phase Noise: Optical amplifiers also introduce phase noise, which can be measured
using interferometric techniques such as a Mach-Zehnder interferometer. Phase noise
decreases with increasing input laser power, but residual flicker noise sets an upper
bound on frequency stability, which is critical for metrology and high-precision optical
systems.

Factors Affecting Noise

Gain Medium Type: Four-level gain media can approach the quantum-limited noise
level, while quasi-three-level media introduce additional noise due to higher
spontaneous emission requirements. Pump Noise: Low-noise pumping reduces excess
noise, whereas high-frequency pump fluctuations can increase output noise. Amplifier
Design: The configuration, gain, and number of stages influence the overall noise
figure, with early high-gain stages dominating the noise contribution of subsequent
stages.

Practical Implications

Noise in optical amplifiers limits the maximum transmission distance and data fidelity
in fiber-optic communication systems. Understanding and minimizing ASE, quantum
noise, and phase noise is essential for designing high-performance amplifiers for
telecommunications, metrology, and precision instrumentation.
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Amplifier Noise – spontaneous emission, excess noise, quantum limit

Apart from amplifying the input signal, every optical amplifier also adds some excess
noise to the output. This is often quantified with the so-called noise figure.

The Ultimate Guide to Optical Amplifier Noise

Discover the latest techniques and best practices for managing optical amplifier noise
and ensuring high-quality signal transmission.

Lecture 8: Intro to Optical Amplifiers

In-line amplifiers: Periodically amplify signal due to fiber attenuation, high G, high
Psat. An illustration of the effective gainis given below. Note the presence of a gain
peak around 1530nm and a semi-flat
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The Ultimate Guide to Optical Noise

Discover the causes of optical noise, its effects on signal quality, and practical
methods to minimize its impact on optical communication systems.

Amplified Optical Signal

Similar to electronic amplifiers, an optical amplifier not only provides optical gain, but
also introduces optical noise which degrades the optical signal-to-noise ratio (OSNR).

Amplifier Noise

Amplifier noise in optical systems originates from various sources, including
spontaneous emission in the gain medium and quantum fluctuations. Different

Quantum Noise in Optical Amplifiers

Noise is one of the basic characteristics of optical amplifiers. Whereas there are
various noise sources, the intrinsic one is quantum noise that originates from
Heisenberg''s uncertainty principle.

Noise in an Optical Amplifier: Formulation of a New Semiclassical Model

Noise in an Optical Amplifier: Formulation of a New Semiclassical Model Silvano
Donati, Member, IEEE, and Guido Giuliani

Tutorial Fiber Amplifiers, Part 9: Noise of Fiber Amplifiers

In the case of optical amplifiers, excess noise is largely related to quantum noise.
Therefore, we first need to learn some basics of quantum noise in optical amplifiers.

Relative Intensity Noise – RIN

Relative intensity noise (RIN) is the optical intensity noise normalized to its average
value, with lasers often stabilized to exhibit low RIN.

Amplifier Noise – spontaneous emission, excess noise, quantum limit

Part 9: Noise of Fiber Amplifiers Erbium-doped Fiber Amplifier for Multiple Signals
noise figure spontaneous emission quantum noise amplified spontaneous emission
optical amplifiers laser noise
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Amplifier emitted optical noise Faithfully reproduces input signal with minimal
distortion Can be used as a linear repeater by periodically boosting optical power Can
be used in nonlinear region as a level

The Ultimate Guide to Optical Noise

Optical Amplifier Noise: Optical amplifiers, such as erbium-doped fiber amplifiers
(EDFAs), amplify signals but also introduce amplified spontaneous emission (ASE)
noise. Impact of

Tutorial Fiber Amplifiers, Part 9: Noise of Fiber Amplifiers

Tutorial on fiber amplifiers. The ninth part discusses excess noise generated by fiber
amplifiers. This is a quantum-mechanical phenomenon, and it is made stronger by
the quasi-three-level behavior of

Optical Amplifier

An optical amplifier is, generically, any component that uses optical fiber as the
amplification medium. In an optical amplifier, the optical signal is not converted to an
electrical signal during amplification.

Basics of Optical Amplifiers | Springer Nature Link

The creation and development of optical amplifiers has provided significant increases
in information capacity in applications ranging from ultra-long undersea links to short
links in access

Phase noise measurement of semiconductor optical amplifiers

Abstract—We introduce a novel measurement method for the phase noise
measurement of optical amplifiers, topologically similar to the Heterodyne Mach-
Zehnder Interferometer but gov-erned by
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Contact Us

Continue your research online:

Website: https://artduferoger.fr
Technical inquiry: https://artduferoger.fr/contact.html

This document is for preliminary research. Verify specifications against current
standards, product documentation and project requirements.
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