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Abstract.  CW lasing of a Bi-doped germanosilicate fibre in a wave-
length range that covers the spectral region between the emission 
bands of Er and Tm fibre lasers has been demonstrated for the first 
time.
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Since the advent of the first bismuth-doped fibre laser in 2005 
[1], considerable attention has been paid to a search for new 
glass compositions for the core of bismuth-doped fibres and 
to their luminescence spectra. The results demonstrate that 
the bismuth-doped fibres are attractive gain media for lasers 
and optical amplifiers operating in the spectral region 
1000 – 1800 nm [2].

The first bismuth-doped fibre laser, with an aluminosili-
cate glass-based gain medium, emitted in the spectral region 
1140 – 1215 nm [1]. Later, bismuth-doped fibre lasers operat-
ing in the range 1270 – 1550 nm and having a phosphoger-
manosilicate, germanosilicate or silica glass core were demon-
strated (see e.g. reviews by Dianov [3] and Bufetov et al. [4] 
and references therein). In addition, an efficient bismuth-
doped fibre amplifier was created, with a maximum gain coef-
ficient of 25 dB at a wavelength of 1430 nm [5].

However, no bismuth-doped fibre lasers or amplifiers 
operating in the spectral region 1600 – 1800 nm have been 
reported to date. At the same time, there is an obvious need 
for such devices, especially for those operating in the wave-
length range 1620 – 1700 nm, where the optical loss in silica-
based fibres is sufficiently low (within 0.4 dB km–1),which 
makes this range attractive for information transfer through 
optical fibre communication links. The problem of utilising 
this spectral region for information transfer is currently 
related to the lack of components for optical fibre com-
munication systems, primarily of fibre lasers and optical 
amplifiers.

In this paper, we report the fabrication of bismuth-doped 
fibres luminescing in the spectral region 1600 – 1800 nm and 
fibre lasers based on such fibres.

Optical fibres differing in the SiO2/GeO2 and Bi2O3 con-
tent of their core (bismuth-doped germanosilicate fibres; 
hereafter, BGSFs) were fabricated by the MCVD process. 
Detailed data on the chemical composition of the core glass of 
the active fibres will be presented in a subsequent communi-
cation. Of the fibres obtained, we chose samples with bright 
luminescence of bismuth-related active centres (BACs) in the 
spectral region 1600 – 1800 nm, which was the first step 
towards lasing in this region.

Figure 1 shows the optical loss, luminescence and lumi-
nescence excitation spectra of the BGSF that was used to 
demonstrate lasing. The absorption spectrum [curve ( 1 )] con-
tains bands peaking at wavelengths of 830 and 1400 nm, 
which are due to BACs associated with SiO2, and bands at 
460, 950 and 1650 nm, arising from BACs associated with 
GeO2 [6]. Under excitation with a semiconductor laser diode 
( lp = 975 nm) and a bismuth-doped fibre laser ( lp = 1460 nm 
[7]), the BGSF showed a broadband IR luminescence in the 
range 1550 – 1800 nm. The shape of its luminescence spectrum 
depended little on the excitation wavelength. A typical lumi-
nescence spectrum of the BGSF is represented by curve ( 2 ). 
Under 975-nm pumping, the 1700-nm luminescence lifetime 
was 500 ms (the luminescence decay curve was well repre-
sented by an exponential function). The excitation spectrum 
of this luminescence band [curve ( 3 )] shows bands peaking at 
460 and 950 nm and the short-wavelength edge of a band 
peaking around 1600 – 1650 nm.

Figure 2 shows the optical loss spectra of the BGSF under 
laser pumping at lp = 1460 nm and without pumping. From 
these spectra, we can locate optical amplification and induced 
(excited-state) absorption regions under pumping [8]. Curve 
( 2 ) represents the net optical gain in the region where the 
optical loss is negative. It is seen that the BGSF offers optical 

A new bismuth-doped fibre laser, emitting in the range 1625 – 1775 nm

E.M. Dianov, S.V. Firstov, S.V. Alyshev, K.E. Riumkin, A.V. Shubin,  
V.F. Khopin, A.N. Gur’yanov, O.I. Medvedkov, M.A. Mel’kumov

E.M. Dianov, S.V. Firstov, S.V. Alyshev, K.E. Riumkin, A.V. Shubin, 
O.I. Medvedkov, M.A. Mel’kumov Fiber Optics Research Center, 
Russian Academy of Sciences, ul. Vavilova 38, 119333 Moscow, 
Russia; e-mail: alyshs@fo.gpi.ru;	
V.F. Khopin, A.N. Gur’yanov G.G. Devyatykh Institute of Chemistry 
of High-Purity Substances, Russian Academy of Sciences, ul. 
Tropinina 49, 603950 Nizhnii Novgorod, Russia	
	
Received 17 April 2014	
Kvantovaya Elektronika  44 (6) 503 – 504 (2014)	
Translated by O.M. Tsarev

LETTERS PACS numbers: 42.55.Wd; 42.60.Lh; 42.81.Cn 
DOI: 10.1070/QE2014v044n06ABEH015535

1 2

3

0.1

1

10

100

400 800 1200 1600
0

0.4

0.8

1.2

1.6

Wavelength/nm

O
p

ti
ca

l l
o

ss
/d

B
 m

–1

In
te

n
si

ty
 (

ar
b

. u
n

it
s)

Figure 1.  Optical characteristics of the BGSF: ( 1 ) optical loss spec-
trum, ( 2 ) luminescence spectrum under excitation at a wavelength of 
975 nm and ( 3 ) excitation spectrum of the 1700-nm luminescence.
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amplification in a wide spectral region, from 1560 to 1800 nm. 
Comparison of curves ( 1 ) and ( 2 ) demonstrates that, 
throughout the range 1100 – 1800 nm, the optical loss of the 
BGSF under pumping does not exceed that without pumping. 
This indicates that there is no excited-state absorption.

The bismuth-doped germanosilicate fibre whose optical 
properties are described above was used as the gain medium 
of a laser. The bismuth fibre laser had a standard linear con-
figuration, with a cavity formed by an active fibre segment 
and fibre Bragg gratings, which determined the laser wave-
length   llas. To obtain lasing at wavelengths of 1625 and 
1775 nm, we used a pair of Bragg gratings with a near 100 % 
reflectivity. In the case of lasing at 1688, 1703 and 1735 nm, 
the active fibre end face served as the output coupler. The 
pump sources used in our lasing experiments were a bismuth-
doped fibre laser with lp = 1460 nm and an Er – Yb codoped 
fibre laser with lp = 1568 nm. The pump beam was coupled 
into the core of the active fibre. The active fibre length was 
varied from 15 to 20 m. All measurements were made at room 
temperature.

As a result, we obtained lasing at wavelengths llas = 
1625, 1688, 1703, 1735 and 1775 nm under pumping at lp = 
1460 nm. The threshold pump power was about 40 mW. 
Figure 3 shows the output power at a wavelength llas = 
1703 nm as a function of launched pump power (lp = 1460 nm). 
The slope efficiency of the laser did not exceed 1.5 %. This low 
efficiency at  lp = 1460 nm seems to be the result of the strong 

pump absorption by the BACs associated with SiO2, which 
do not contribute to lasing near 1700 nm. To improve the effi-
ciency of the bismuth-doped fibre laser, we used pumping at a 
wavelength longer than 1460 nm, namely, by the output of the 
Er – Yb codoped fibre laser ( lp = 1568 nm). As a result, the 
slope efficiency of the bismuth fibre laser at llas = 1703 nm 
increased markedly, reaching 6 % (Fig. 3), and its maximum 
output power exceeded 150 mW. Similar parameters were 
offered by the bismuth fibre laser with llas = 1735 nm.

Figure 4 shows the net optical gain spectrum, with the las-
ing wavelengths indicated. The gain band of the bismuth-
doped germanosilicate fibre laser had a full width at half 
maximum of 150 nm.

Thus, we have demonstrated a bismuth-doped germano-
silicate fibre that ensures optical amplification in the range 
1560 – 1800 nm. The fibre is potentially attractive as a gain 
medium for lasers and amplifiers operating in this spectral 
range, as evidenced by the first results on lasing at wave-
lengths of 1625, 1688, 1703, 1735 and 1775 nm. Clearly, the 
efficiency of the proposed bismuth fibre lasers can be 
improved by optimising the parameters of the active fibre and 
the main fibre fabrication steps.
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Figure 2.  Optical loss spectra of the BGSF ( 1 ) without pumping and 
( 2 ) under pumping at a wavelength lp = 1460 nm.
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Figure 3.  1703-nm bismuth fibre laser output power as a function of 
launched pump power at lp = 1460 and 1568 nm. h is the slope effi-
ciency.
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Figure 4.  Net optical gain spectrum of the BGSF. The arrows and open 
circles indicate the pump and lasing wavelengths, respectively.


