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Ultrawide-Band La-Codoped Bi2O3-Based EDFA for
L-Band DWDM Systems

B. O. Guan, H. Y. Tam, Senior Member, IEEE, S. Y. Liu, P. K. A. Wai, Senior Member, IEEE, and N. Sugimoto

Abstract—The demonstration of a 253-cm-long Lan-
thanum-codoped Bi2O3-based erbium-doped fiber which
provides gain of greater than 20 dB and noise figure less than
6.7 dB to 142 dense wavelength-division-multiplexing channels
simultaneously over an extended wavelength range of 58 nm
from 1554 to 1612 nm is reported. The 3-dB (gain of 17–20 dB)
bandwidth of the erbium-doped fiber amplifier is 54 nm when it
is pumped with 350 mW of 1480-nm light. The power conversion
efficiency of the fiber is about 54%.

Index Terms—Erbium-doped fiber (EDF), optical fiber
amplifiers, optical fiber communication, wavelength-division
multiplexing (WDM).

I. INTRODUCTION

T HE TREMENDOUS growth of the Internet and data
traffic has created an ever-increasing demand for trans-

mission bandwidth of dense wavelength-division-multiplexed
(DWDM) optical communication systems. The -band
erbium-doped fiber amplifier (EDFA) has become one of
the key devices for DWDM transmission systems because
combining it with the -band EDFA in parallel can double
the bandwidth of the DWDM transmission systems. Several
host materials, such as tellurite-based fiber [1], antimony
silicate fiber [2], phosphorous-codoped silica based fiber [3],
and other silica-based fibers [4], [5] have been investigated
to improve the amplification characteristics of the EDFA
beyond 1580 nm. Previously, one of the authors of this letter
demonstrated extended-band (1560–1620 nm) amplification
using a short length of lanthanum (La)-codoped bismuth-based
erbium-doped fiber (Bi-EDF) [6]. In this letter, we report the
demonstration of the amplification of 142 wavelength chan-
nels using the La-codoped BiO -based EDF. Located at the
50-GHz ITU grid were 140 of the input signals and the other
two channels were provided by two tunable external-cavity
lasers. Signal gain of over 20 dB and noise figure (NF) less
than 6.7 dB were attained for the channels with wavelengths
ranging from 1554 to 1612 nm (i.e., over 58 nm). The fiber also
had high power conversion efficiency (PCE) and up to 54% of
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PCE was achieved when it was pumped with about 630 mW
of 1480-nm light.

II. EXPERIMENTS AND RESULTS

The La–Er-codoped BiO -based glass was prepared by
melting method. The purpose of the La is to decrease the
concentration quenching of the erbium ions. The Er concen-
tration is 3250 wt ppm and the La concentration is 4.4 wt%
in the fiber. The refractive index of the core and cladding of
the fiber is 2.03 and 2.02, respectively. The core diameter of
the fiber is 4.7 m and the cladding diameter is 125.8m.
The cutoff wavelength of the fiber is around 1450 nm and the
maximum background loss at 1300 nm is less than 1 dB/m.
The peak absorption at 980, 1480, and 1530 nm are 73, 83, and
133 dB/m, respectively.

The experimental setup for evaluating the amplification
performances of the Bi-EDFA is shown in Fig. 1. Angled
cleaving and splicing were applied to suppress the reflection
due to the large index difference between the Bi fiber and silica
fiber. The Bi fiber was spliced to high numerical-aperture silica
fiber (HI980) using a commercial fusion splicer with a special
program and splice loss of about 0.16 dB was obtained. The
splice losses between the HI980 fiber and the common port
of the two 1480/1580-nm wavelength-division multiplexers
(WDMs) are indicated in Fig. 1. The Bi fiber used to construct
the amplifier is only 253 cm long. The Bi-EDFA was pumped
bidirectionally using two 1480-nm pump lasers. The forward
pump was maintained at high power in all the experiments to
ensure low NF performance of the Bi-EDFA. The performance
of the Bi-EDFA with multiple input signals was measured using
a multiwavelength light source and two tunable external-cavity
lasers. The multiwavelength light source was constructed using
a high-power -band amplified spontaneous emission light
source with a very high contrast (33 dB) thin-film Fabry–Pérot
filter. The transmission peaks of the filter are located at the
50-GHz ITU grid and have an absolute frequency accuracy of

1.25 GHz over the temperature range of 0C to 70 C.
The output from the multiwavelength light source and two

tunable lasers were multiplexed and the combined spectrum is
shown in Fig. 2. The multiwavelength light source generates
peaks with wavelength ranging from 1560 to 1613 nm, emu-
late 125 DWDM channels located at the 50-GHz ITU, grid have
optical power greater than30 dBm (98 channels from 1565
to 1605 nm have power greater than22 dBm/channel). The
two tunable lasers were employed to extend the measurement
range down to 1550 nm and beyond 1620 nm. The combined
output from the multiwavelength light source and the two tun-
able lasers, was connected to the input of the Bi-EDFA. The am-
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Fig. 1. Experimental setup for evaluating the performance of La-codoped Bi-EDA using 140 input signals spaced at 50 GHz of the ITU grid and two tunable
external-cavity lasers.

Fig. 2. Spectrum of the multiwavelength input signal to the Bi-EDFA.

Fig. 3. Amplified output spectrum of the DWDM signal when the Bi-EDFA
was pumped with 300 (forward) and 50 mW (backward) of pump power.

plified output spectrum of the input signals is shown in Fig. 3
when the fiber was pumped with 350 mW of optical power.

Fig. 4 shows the measured gain and NF of the Bi-EDFA.
The gain here is the internal gain of the erbium fiber, i.e., the
results are corrected for the losses due to the splices and the
input and output optical components. The total input signal op-
tical power was 0.53 dBm. When the Bi-EDFA was pumped
with 600 mW (300-mW forward pumping 300-mW backward
pumping) of optical power, over 20 dB of signal gain, and NF
less than 6.7 dB was measured for the 50-GHz spacing DWDM
signals spreading over 58-nm wavelength ranging from 1554 to

Fig. 4. Measured gain and NF of the Bi-EDFA when pumped with (A) 300
(forward)+ 300 mW (backward), and (B) 300 (forward)+ 50 mW (backward).

1612 nm [Fig. 4(A)]. The signal gain and NF at 1620 nm are 15.7
and 6.6 dB, respectively. When the backward pump power was
decreased to 50 mW and the forward pump power was main-
tained at 300 mW, an ultrawide 3-dB gain bandwidth of 53.9 nm
with wavelength ranged from 1559.5 to 1613.4 nm was achieved
[Fig. 4(B)]. The measured NF of all the 128 DWDM channels
is in the range of 4.9–6 dB.

High PCE was also exhibited by the La–Er-codoped
Bi O -based fiber. Fig. 5 shows the amplified signal power
and PCE of the fiber against total pump power. The backward
pump power was increased to 323 mW while the optical power
of the forward pumping laser was maintained at 300 mW. With
a total input signal power of 0.53 dBm, 24.3 dBm of output
power was obtained. The fiber exhibits a PCE of 54% when the
splice losses between the WDMs and the Bi-EDF (1.0 dB at
1480 nm) were taken into consideration.

III. CONCLUSION

We reported the first demonstration of the amplification of
142 wavelength channels using a 253-cm-long La-codoped
Bi O -based EDF. Located at the 50-GHz ITU grid were 140
of the input signals. Signal gain of over 20 dB and NF less
than 6.7 dB were measured for the channels with wavelengths
ranging from 1554 to 1612 nm (i.e., over 58 nm). A 3-dB
bandwidth of 53.9 nm and PCE of about 54% were attained
when the fiber was pumped with 350 mW and 623 mW of pump
power, respectively. These results indicated that the La–Er
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Fig. 5. Output signal power and PCE (the pump loss due to the splices between
WDMs and Bi-EDF was not taken into account) versus total pump power. The
forward pump power was fixed at 300 mW and the backward pump power was
increased up to about 330 mW.

o-doped BiO -based fiber is a very promising candidate for
ultrawide -band DWDM amplifiers.
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