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Abstract. In the twenty-first century of scientific and technological development, with high-speed
information processing, a large amount of information transmission and ultra-high-density storage
space as the primary communication technology breakthrough target. Especially with the continuous
development and advancement of optical fiber technology, optical fiber transmission occupies the
primary position in information transmission. With the increasing demand for communication capacity
and system expansion in long-distance optical fiber transmission systems, people are making more
and more use of optical fiber bandwidth. At present, all of the full-band optical fibers are low-
consumption windows, and in order to further develop and promote the field of optical fiber
communications, the potential broadband should be used to facilitate people's lifestyles.With the
rapid development of information and communication technology, the demand for higher
transmission rates and larger capacity in optical fiber communication systems is increasing. As an
emerging optical communication band, the L+ band (1600-1650nm) has attracted much attention
because of its low fiber loss and high signal transmission capacity. This paper reviews the research
progress and development trend of L+ band fiber amplifiers, including the basic principles, key
technologies, performance characteristics and applications of optical communication amplifiers in
this band. By combing and summarizing the existing research results, the development status and
future trend of L+ band fiber amplifiers are revealed, and the potential application prospects of L+
band fiber amplifiers are discussed.
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1. Introduction

With the rapid development of communication technology, more and more information is
transmitted in the L+ band (1600-1650nm). In order to meet this demand, L+ band fiber amplifiers
have received a lot of attention as an important optical device. This paper reviews the research
progress and development trend of L+ band fiber amplifiers, including their operating principles,
performance indicators and the latest technical developments. The L+ band is a key frequency band
in optical fiber communication, with low fiber loss and high bandwidth capacity, and is widely used
in long-distance transmission, data center interconnection and wireless communications. To achieve
high gain and low noise amplification in the L+ band, L+ band fiber amplifiers are an effective
solution. A fiber amplifier is a fiber-based device that amplifies the strength of an optical signal. It
enhances the power of the optical signal by taking advantage of the optical amplification effect in the
optical fiber, thereby extending the range of signal transmission or enhancing the signal quality.

Fiber amplifiers typically consist of optical fibers doped with specific dopings such as erbium,
ytterbium, neodymium, etc. These dopants absorb the energy of the external input signal and convert
it into an amplified output signal. The working principle of a fiber amplifier mainly involves three
processes: absorption, excitation, and radiation.

Absorption: Doping in the fiber amplifier absorbs light energy from the input signal. This energy
is transferred to the excited state of the dopant.

Excitation: When a dopant is in an excited state, it interacts with photons in the input signal,
transferring energy to the dopant. This process is similar to converting the energy of the input signal
into the energy of a dopant.
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Radiation: Next, the dopants release energy in the form of photons of the same wavelength through
the radiation process. These radiated photons are in the same phase as the photons of the input signal,
enabling the amplification of the optical signal.

The advantages of fiber amplifiers include large gain, low noise, and wide bandwidth. They are
widely used in optical communications, optical sensing, and lasers. Common types of fiber amplifiers
include erbium-doped fiber amplifiers (EDFASs), ytterbium-doped fiber amplifiers (YDFASs), and
neodymium-doped fiber amplifiers (NFDASs). Each type of fiber amplifier has its specific operating
wavelength range and application area. [1, 2]

Erbium-ion-doped fibers for L+ band fiber amplifiers. Erbium (symbol Er) is a commonly used
element that is widely used as a three-level system in amplifiers for fiber optic communications,
especially L+ band fiber amplifiers. Erbium ions have a special energy level structure, which can
achieve the gain of optical signals under appropriate conditions, so as to realize signal transmission
and amplification. A typical fiber amplifier uses erbium-doped fibers as the gain medium. When an
external signal passes through this erbium-doped fiber, erbium ions absorb the energy of the optical
signal and are excited to a high-level state. Subsequently, during the non-radiative transition, erbium
ions spontaneously emit photons of the same wavelength as the input signal, amplifying the signal.
This process is called optical amplification of erbium ions.

2. Pump light source

An L+ band fiber amplifier is a fiber amplifier that uses pump light to gain L+ band (1600-1650nm)
signals. To achieve the amplification function of L+ band fiber amplifiers, a 1480nm wavelength
laser is usually used as the pump source.

Pump light source: Lasers with a wavelength of 1480nm are usually used as pump light sources.
These lasers generate an optical signal with a wavelength of 1480 nm that is used to excite doping
substances such as thulium (Tm) or terbium (Er) in the fiber.

Fiber doped substances: The core of optical fibers is doped with specific rare earth elements, such
as thulium (Tm) or terbium (Er), which have special energy level structures that enable them to absorb
and emit photons in a specific wavelength range. Fiber amplifier in the L+ band

Pump light absorption: The pump light produced by a laser with a wavelength of 1480 nm is
absorbed by the doping substances in the fiber. This process will cause the energy level of the doped
substance to rise and be in an excited state.

Radiative transition: Doped substances in the excited state transition to lower energy levels through
the process of radiative transition, releasing energy. These transitions in the energy levels result in
the gain of the signal light in the L+ band, allowing it to be amplified.

Through the above process, the interaction between the pump light with the wavelength of 1480nm
and the signal light in the L+ band occurs, and finally the amplification of the signal light in the L+
band is realized. This pumping method is widely used in optical fiber communication systems and
lasers to enhance the intensity and transmission distance of signal light. [3]

3. Gain characteristics

Figure 1 is a schematic diagram of the optical fiber test experimental device, which consists of
signal light source, isolator, wavelength division multiplexer and other devices. A tunable laser
operating in the L-band acts as a signal light source, passes through the input isolator and enters the
system at a power of 10 mW. An input wavelength division multiplexer is used to optically couple
the signal into the quartz fiber, and an LD pump with a wavelength of 976 nm is also optically coupled
into the quartz fiber for pumping with a power of 220 mW. The 1 m long erbium-doped phosphate
fiber and two passive quartz fibers are welded to each other, and the laser amplifies them through the
output wavelength division multiplexer and output isolator to the detector output.
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Figure 1 Signal light source, isolator, wavelength division multiplexer and other devices [4].
Figure 2 shows the fluorescence spectra of erbium-doped phosphate fibers at 220 mW pump power
with a laser center wavelength of 1535 nm.
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Figure 2 Fluorescence spectra at 220 mW pump power at 1535 nm [4].

Figure 3 shows the fluorescence spectra of phosphate fiber and quartz fiber in the L+ band, which
shows that the phosphate fiber has a greater gain than the quartz fiber in the L+ band. [4]
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Figure 3 Fluorescence spectra of phosphate fibers and quartz fibers in the L+ band [4]
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4. Noise characteristics

The gain characteristics of L+ band fiber amplifiers are critical to the distance and quality of signal
transmission in optical communication systems. The following is a description of the gain
characteristics of an L+ band fiber amplifier:

Wavelength range: L+ band fiber amplifiers typically operate over a wavelength range from 1600
nm to around 1650 nm. It is an important wavelength range in optical communication systems.

Gain bandwidth: L+ band fiber amplifiers typically have a wide gain bandwidth and are capable
of amplifying multiple wavelengths or multiple optical communication channels simultaneously. The
wide gain bandwidth helps support high-capacity optical communication systems.

Gain peak: In the L+ band, fiber amplifiers typically have a gain peak, which is the maximum gain
at a particular wavelength. This peak wavelength is usually related to the wavelength of the pump
light source.

Gain flatness: For some optical communications applications, fiber amplifiers are required to have
relatively flat gain characteristics over the entire L+ band, i.e., gains at wavelengths do not differ
much. Gain flatness is important for Wavelength Division Multiplexing (WDM) systems. [5]

5. Research progress

1. High gain and low noise: In recent years, researchers have focused on improving the gain and
reducing noise of L+ band fiber amplifiers. Significant improvements have been made by using new
fiber optic materials and optimizing the amplifier structure.

2. Broadband and multi-channel: As the demand for communication increased, researchers began
to develop broadband and multi-channel L+ band fiber amplifiers. These amplifiers can amplify
multiple wavelength channels simultaneously, increasing the efficiency and capacity of fiber optic
transmission systems. [6]

3. High power: High-power L+ band fiber amplifiers have important applications in laser
technology, lidar and other fields. Researchers continue to improve fiber materials and fiber amplifier
structures to achieve higher power output.

4. Packaging and integration technology: Researchers are also exploring more advanced packaging
and integration technologies to achieve more miniaturized, lightweight and highly integrated L+ band
fiber amplifier equipment to meet the needs of different application scenarios.

5. Nonlinear effect research: Some nonlinear effects will occur in L+ band optical fiber, such as
four-wave mixing and self-phase modulation, etc., which may cause interference in some special
applications. Therefore, researchers are also studying how to suppress or exploit these nonlinear
effects.

6. Optical fiber sensing applications: L+ band fiber amplifiers have a wide range of applications
in the field of optical fiber sensing. The researchers are not only focusing on their application in
sensing signal amplification, but also exploring how L+ band fiber amplifiers can be combined with
different sensing mechanisms to achieve higher sensitivity and a wider sensing range. In general, the
research progress of L+ band fiber amplifiers is very active, and all directions are seeking better
performance and wider applications. As optical communications and optical sensing technologies
continue to evolve, L+ band fiber amplifiers will continue to play an important role in
communications, sensing, lasers, and optical measurement. Future research will continue to drive
innovation and progress in the field. [7]

L+ band fiber amplifier vs. C-band fiber amplifier:

Contrast: Both the L+ band and the C-band are of great significance in the field of optical
communications. The C-band is typically used for short-range optical communication systems, while
the L+ band is more suitable for long-range communication and increasing system capacity. [8]

L+ band fiber amplifier vs. C-band and S-band fiber amplifiers:

635



Highlights in Science, Engineering and Technology TPCEE 2023
Volume 72 (2023)

Comparison: L+ band fiber amplifier can cover the spectrum range of C band and S band, so to a
certain extent, band merging and wavelength multiplexing can be realized, and the transmission
capacity and flexibility of the system can be improved. [9]

6. Conclusion

L+ band fiber amplifiers have a wide range of development prospects and application prospects.
With the continuous development of optical communication and optical sensing, L+ band fiber
amplifiers, as one of the key optical amplifiers, will continue to play an important role in the future.
The following is a description of the development and application prospects of L+ band fiber
amplifiers:

Wideband communication applications: L+ band fiber amplifiers play an important role in
wideband communication applications. It can provide stable gain for high-capacity optical
communication systems and support high-rate signal transmission. With the development of
technologies such as 5G and the Internet of Things, the demand for higher capacity communication
networks is increasing, and L+ band fiber amplifiers will continue to play a key role in broadband
communication applications.

Optical sensing applications: L+ band fiber amplifiers also have a wide range of applications in
the field of optical sensing. It can be used as a signal gainer in fiber optic sensors to improve the
sensitivity and detection distance of the sensor. Fiber optic sensing technology is important in
environmental monitoring, medical diagnostics, structural health monitoring, and L+ band fiber
amplifiers will play an important role in these applications.

Optical Signal Processing: L+ band fiber amplifiers have potential applications in optical signal
processing. It can be used to realize the amplification, conversion and processing of optical signals,
providing more flexible and efficient signal processing capabilities for optical communication
systems.

Long-distance transmission: L+ band fiber amplifiers have important application prospects in
long-distance optical fiber transmission. It can realize long-distance transmission and amplification
of signals, providing key support for long-distance communication systems.

Multi-channel optical communication: With the widespread application of wavelength division
multiplexing (WDM) technology, the demand for multi-channel optical communication systems is
increasing. L+ band fiber amplifiers have wideband gain for signal amplification in multichannel
optical communication systems.

High-sensitivity optical sensing: L+ band fiber amplifiers have important application prospects in
high-sensitivity optical sensing applications. It can improve the sensitivity and signal detection ability
of optical fiber sensors for environmental monitoring, biomedicine, safety detection and other fields.
[10]
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