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Table 1.  Research progress of L-band extended EDFA.

4y Ik 2 iy BT PR /nm SCHK
1997 NTT (Japan) fluoride Er 1620.0 9]
2001 Corning (USA) antimony silicate Er 1620.0 [10]
2002 NTT (Japan) tellurite Er 1610.0 (11]
2002 KDDI (Japan) silicate Er/P/Al 1616.1 [12]
2003 PolyU (China HK) bismuthate Er/La 1620.0 (13]
2002 Corning (USA) silicate Er/Al 1620.0 (14]
2005 BJTU (China) silicate Er/Al/Mg 1610.0 [15]
2008 NTT (Japan) silicate Er/P 1619.6 [6]
2010 Central Glass and Ceramic Research Institute (India) silicate Er/Al/Zr/Y 1605.0 (16]
2021 HUST (China) silicate Er/Ce 1623.0 [17)
2021 HUST (China) silicate Er/Yb/P 1623.0 [18]
2022 HUST (China) silicate Er/P/Al 1625.3 This work
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Fig. 1. Energy level diagram of Er3*.
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Fig. 2. (a) Refractive index difference profile of the perform;
(b) cross-sectional microscope images of the fiber.

22 OHFEASH
Table 2.  Basic characteristics of fiber.

ol W RR WA E  RMARK e e

4z @980 nm  @1536 nm @1536 nm @1200 nm
g dB/m dB/m dB/m dB/m /%

0.19  10.57 48.20 45.60 18.00 2.42

3 LRE54R
3.1 SIS

ARSCHF MG Lk By R B EDL O R
B ARG AE 3(a) Br7n. B Amonics T8 IR
A3 P B AR E TR -9 dBm, 3
K FIAE 1575.0—1625.3 nm {5 SAE N B 1515
5. TN 530 mW Y 980 nm FEIEOEZ ik E
#5155 t— R A A BEDLLT, JERADEE
SRS e LR i (55 D

ISO: isolator
ISO EDF: erbium-doped fiber

OSA: optical spectrum analyzer

WDM: wavelength division multiplexing

K3 BHEDLA R RS

(a) HGLREEH; (b) Z YR EEH

Fig. 3. Structure of EDFA: (a) One-stage amplification system; (b) multi-stage amplification system.
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FORCR L

Fig. 4. Gain and noise spectrum of the erbium-doped fiber:

(a) One-stage amplification system; (b) multi-stage ampli-

fication system.
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Fig. 5. Comparison of erbium-doped fiber basic parameters: (a) Saturation curve of fiber; (b) optical fiber absorption coefficient,

emission coefficient and ESA coefficient spectrum in this paper; (c) spectrum of absorption coefficient, emission coefficient and ESA

coefficient of conventional L-band erbium-doped fiber.
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Silicate-based erbium-doped fiber extended to L-band and
its amplification performance”
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Abstract

With the continuous development of mobile internet, cloud computing, Internet of things, and 5G, the
annual growth rate of the existing communication transmission capacity is far from meeting the growing
demand. The gain bandwidth of L-band erbium-doped fiber amplification (EDFA) has become the main factor
for limiting the bandwidth extension. Owing to its negative effect on the gain and noise figure after 1580 nm,
the excited state absorption (ESA) is regarded as a key factor that directly limits the L-band expansion of
EDFA. If the ESA coefficient has the same value as the stimulated emission coefficient, the net gain coefficient
becomes zero. At the same time, signal amplification cannot be obtained no matter how the pump power and
fiber length are adjusted. Improvements from the perspective of erbium-doped fibers, such as changing the host
glass and doping components, are extremely beneficial to L-band extension based on simple amplifier
configurations. In the present study, an erbium-doped fiber extended to the L-band is fabricated by the
modified chemical vapor deposition technology. The saturation curve of the fiber is measured, and then the rate
of clustering is obtained. In addition, the absorption coefficient and emission coefficient of the fiber are tested
by the truncation method, then the effect of ESA is studied. We demonstrate that modulating the ratio of P to
Al in the fiber core has a significant inhibitory effect on the ESA of Er3*. To better characterize the
amplification performance of the fiber, a single-stage and a multi-stage amplifier system are built respectively.
At an input signal injection with a power value of -9 dBm, the fiber exhibits a gain of 10.5 dB with a maximum
noise figure of 5.9 dB at 1625.3 nm, based on a single-stage amplifier system under a 980 nm forward-pumping
excitation. It indicates that the amplification performance of the fiber in the long-wavelength has improved,
which is consistent with the conclusion of the suppression effect on the ESA. By optimizing the fiber length for
the first, second and third stage to 19 m, 26 m and 10 m, respectively, a gain of 23.4 dB is obtained at the
longest wavelength. The maximum noise figure is 6.3 dB, and the saturation output power is 24.8 dBm. In the
meantime, the pump conversion efficiency arrives at 13%. This is the first report on the L-band extended

silicate-based erbium-doped fiber that can achieve long-wavelength gain extension to 1625.3 nm.

Keywords: optics fiber communications, extended L-band erbium-doped fiber amplification, erbium-doped

fiber, excited state absorption
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