23 cm long Bi,03-based EDFA for
picosecond pulse amplification with
80 nm gain bandwidth

H. Sotobayashi, J.T. Gopinath and E.P. Ippen

Amplification of a 1ps pulse train in a 22.7 cm Bismuth oxide
(Bi,03)-based erbium doped fibre amplifier (EDFA) is reported. An
amplification bandwidth of 80 nm, from 1520 to 1600 nm is demon-
strated. Because of the short length, amplification of picosecond
pulses is achieved without pulse broadening over a wide wavelength
range.

Introduction: To achieve an ultrahigh capacity in photonic networks,
it is important to expand the wavelength bands available for
wavelength division multiplexing (WDM) signals. Multi-terabit/s
transmission experiments usually utilise multiple wavelength bands
both in the C- and L-band regions. However, in most cases, separate
C-band and L-band erbium doped fibre amplifiers (EDFAs) are used
as 1R repeaters [1]. In this configuration, some amount of bandwidth
is wasted and the system setup can be complex. To overcome this
inefficient usage of spectral resources, several novel amplifiers with
continuous C- and L-band capabilities have been demonstrated. These
include Raman amplifiers [2] and tellurite-based EDFAs [3, 4]. Bi,O3-
based EDFAs (Bi-EDFAs) are other promising devices for broadband
signal amplification [5—7]. Amplification that covers both the C- and
L-bands has been demonstrated in 22 cm and 26 cm long Bi-EDF
using a tunable CW light source [5, 6]. At 1530 nm, 250 fs pulse has
been amplified in a 12 cm Bi-EDFA [7]. In this Letter, an amplifica-
tion of picosecond pulses in a 22.7 cm Bi-EDF has been studied.
Gains greater than 12 dB are achieved without pulse broadening over
an 80 nm wavelength range, from 1520 to 1600 nm.

Experiments and discussions: Fig. 1 shows the experimental setup for
investigating the amplification properties of a 22.7 cm Bi-EDF. The
erbium concentration of the Bi-EDF was 6500 wt.ppm, the mode-field
diameter at 1550 nm was 6.0 um, and the numerical aperture was
0.20. The refractive indexes of the core and cladding were 2.03 and
2.02, respectively. Both ends of Bi-EDF were fusion spliced to SiO,
fibres, with a loss per splicing of less than 0.7 dB [6]. The Bi-EDF
was bi-directionally pumped by 975 nm laser diodes through WDM
couplers. The power of each pump laser was set to 24.1 dBm. The
signal source is an optical parametric oscillator (OPO), synchronously
pumped by a Ti:sapphire laser. The OPO produces 150 fs pulses at a
repetition rate of 82 MHz tunable between 1400—1600 nm. By spec-
trally slicing the OPO pulse, using a wavelength tunable 4.5 nm
optical filter, we produce 1.0-1.3 ps pulses with a wavelength
tuning range of 1520-1600 nm. The amplified signal was charac-
terised using an optical spectrum analyser, an autocorrelator, and an
optical power meter. The pulse widths were estimated by assuming a
Gaussian pulse shape.
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Fig. 1 Experimental setup for picosecond pulse train amplification in
22.7 cm Bi-EDF

Fig. 2 shows the gain against input signal power at 1530 nm. The
output power was 10.7 dBm and the gain was 17.1 dB for an input
power of —6.46 dBm. Fig. 3 shows the autocorrelation traces measured
before and after amplification at the signal wavelength of 1550 nm. The
input signal powers were varied over an order of magnitude from
—12.6 dBm to —2.50 dBm. The pulse width of the input signal was
1.06 ps and the amplified output pulse widths were 1.05 ps in both
cases. The pulse widths did not change significantly in either the small
signal or saturated amplification case. Because of the short length of the
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Bi-EDEF, the total group velocity dispersion of the Bi-EDF did not affect
the pulse width of the picosecond pulses in this experiment. Fig. 4a
shows the gain against centre wavelength of the input signal for an input
power of —11.5 dBm. Gain larger than 20 dB was observed between
1530 and 1555 nm and net gain larger than 11.8 dB was observed over
a bandwidth of 80 nm (1520-1600 nm). The gain peak occurred at
1530 nm. Fig. 4b shows the pulse widths and spectral widths before and
after amplification against the centre wavelength of the input signal.
The output pulse widths appeared unchanged and are essentially the
same as the input pulse widths over the measured wavelength range of
80 nm. There was not much change in spectral widths except at 1530
and 1535 nm. At these wavelengths, the changes in spectral width were
caused by the self phase modulation. The peak power of the amplified
pulse was above 100 W, therefore, the nonlinear length was about 30 cm
because of the high nonlinear refractive index of Bi-EDF [8, 9]. These
nonlinear effects can be avoided by using a high repetition rate pulse
train.
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Fig. 2 Gain against input signal power at 1530 nm
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Fig. 3 Autocorrelation traces of input and output pulses at 1550 nm

In conventional EDFAs, picosecond pulse amplification without
dispersion compensation is difficult. Because of low gain per unit
length, conventional EDFAs are usually tens of metres long. This means
that the total group velocity dispersion becomes high. However,
because a Bi-EDF can amplify signals in a few tens of cm with
larger than 10 dB gain, picosecond pulses can be amplified without
pulse distortion over a broad wavelength range.
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Fig. 4 Gain against signal wavelength and pulse width and spectral width
against signal wavelength
Input power was set to —11.5 dBm. Step in pulse width at 1575 nm is due to

filter change
a Gain against signal wavelength
b Pulse width and spectral width against signal wavelength

Conclusion: We have demonstrated 1 ps pulse amplification with a
broad gain bandwidth over 80 nm (1520-1600 nm) in a 22.7 cm
Bi,053-based EDF. These characteristics of this amplifier are suitable
for 160 Gbit/s based WDM systems covering both C- and L-bands.
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