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ABSTRACT: We have successfully generated the mutisoliton pulses
using a Gaussian pulse in a fiber optic ring resonator incorporating an
erbium-doped fiber (EDF) and a semiconductor optical amplifiers
(SOAs). The multisoliton memory time within the system is also
measured. Initially, the Gaussian input pulse is pumped and amplified
through the EDF and the SOAs, respectively. The suitable experimental
values, such as drive current, coupling power, and the fiber ring radius,
are arranged to generate the multisoliton pulses. In application, the
wider multisoliton band can be generated by adjusting the suitable
system parameters. Results obtained have shown that the multisoliton
with a free spectrum range and spectrum width of 2.4 and 0.96 nm is
achieved. The memory time and the maximum soliton output of 15 min
and of 5.94 dBm, respectively, are noted. © 2009 Wiley Periodicals, Inc.
Microwave Opt Technol Lett 52: 70-72, 2010; Published online in
Wiley InterScience (www.interscience.wiley.com). DOI 10.1002/mop.
24834
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1. INTRODUCTION

Multisoliton light source generation becomes the interesting
research technique that can be used to drastically increase the
communication channel capacity, while the high optical output is
the second advantage for long distance link. In principle, there are
two techniques that can be used to generate the soliton pulses.
First, Pornsuwancharoen et al. [1] have shown that the soliton
pulses can be generated theoretically using a pumped soliton pulse
within a microring resonator system; moreover, the large signal
amplification is also achieved. Second, a Gaussian soliton can be
generated, whereas the simple system arrangement can be setup to
form the soliton pulse within the medium. This technique
becomes a more attractive tool in the area for soliton generation
and investigation. Generally, the basic requirement of the pumped
soliton and Gaussian soliton is the intense input light into the sys-
tem, where there are two ways to reach the requirement: (i) using
high-power light source and (ii) reduce the media length, that is,
ring radius. However, there are many research works have
reported in both theoretical and experimental works using a com-
mon Gaussian pulse for soliton study [2]. For further reading,
many earlier works of soliton applications in either theory or ex-
perimental works are found in a soliton application book by Hase-
gawa [3]. Many of the soliton-related concepts in fiber optic are
discussed by Agrawal [4]. However, the problems of soliton—soli-
ton interactions [5], collision [6], rectification [7], and dispersion
management [8] are required to solve and address. Therefore, in
this work, a common laser source (Gaussian pulse) is used,
whereas the use of a Gaussian pulse to form a multisoliton using a
fiber ring resonator is recommended [9]. In practice, the intense
pulse is obtained by using the erbium-doped fiber (EDF) and
semiconductor amplifiers incorporating in the experimental setup.
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The multisoliton band is formed by the modulated signals through
the connecting fiber ring resonator. The other problems such as
low output power and soliton collision can be solved using the
free spectrum range design [10].

2. EXPERIMENT

Light from a monochromatic light source is launched into a ring
resonator with constant light field amplitude (E,) and random
phase modulation (¢), which results in temporal coherence deg-
radation. Hence, the time-dependent input light field (E;,), with-
out pumping temperature, can be expressed as

Ein(t) =Ep expf¢°<’> €))

We assume that the nonlinearity of the optical fiber ring is of
the Kerr-type, that is, the refractive index is given by

n=no+nml = no + (E)P, ?)
At

where ng and n, are the linear and nonlinear refractive indexes,
respectively. / and P are the optical intensity and optical power,
respectively. The effective mode core area of the device is given
by Aty

When a Gaussian pulse is input and propagated within a fiber
ring resonator, the resonant output is formed; thus, the normal-
ized output of the light field is the ratio between the output and
input fields (Eq.(#) and Ej,(?)) in each roundtrip, which can be
expressed as [9]
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Equation (3) indicates that a ring resonator in the particular
case is similar to a Fabry-Perot cavity, which has an input and
output mirror with a field reflectivity (1-x) and a fully reflecting
mirror. k is the coupling coefficient, x = exp(—oL/2) represents
a roundtrip loss coefficient, ¢, = kLny and ¢y = /{an\Em|2 are
the linear and nonlinear phase shifts, k = 27/ is the wave prop-
agation number in a vacuum, and L and o are the waveguide
length and linear absorption coefficient, respectively. In this
work, the iterative method is introduced to obtain the results as
shown in Eq. (3), similarly, when the output field is connected
and input into the other ring resonators.

An experimental setup of the multisoliton generation is
shown in Figure 1. The system consists of an erbium-doped
fiber amplifier (EDFA), a semiconductor optical amplifier
(SOA), a fiber ring resonator, and a 90:10 output coupler. The
EDFA was constructed using a 5 m length of EDF with erbium
concentration of 950 ppm. The EDF is pumped by a 980 nm
laser diode (LD) at a pumped power of 66.0 mW. Wavelength
division multiplexer is used to combine the pump and laser
wavelength. An SOA is incorporated in the ring cavity to
amplify the signal from the EDFA. A ring resonator was con-
structed using a 3 dB coupler. A polarization controller (PC)
and 3 m length of polarization-maintaining fiber (PMF) are
included within the system. The principle of ring resonator is
related to interferometer in which the four port optical coupler
with two inputs and two outputs with 50:50 splitting ratio. The
light beam 1is split into two beams, in which one propagates
round the fiber ring, whereas the other propagates through the
straight fiber. One of the beam polarization states is adjusted by
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Figure 1 The experimental setup. EDFA, erbium-doped fiber ampli-
fier; SOA, semiconductor optical amplifier; PC, polarization controller;
PMF, polarization-maintaining fiber. [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.com]

using a PC within the fiber ring, and this produces a slicing
effect, whereas the intensity is dependent on the interference of
the two beams at the PMF. The change in fiber birefringence
effects the change in fiber refractive index. The multisoliton
band can be generated by adjusting the fiber ring radius and the
birefringence, whereas the modulation signals, that is, multisoli-
ton pulses can be observed. A 90:10 output coupler is used to
tap the output of the ring cavity laser. The output signal is char-
acterized using an ANRITSU optical spectrum analyzer (OSA)
with resolution of 50 pm.

In the first experiment with a standard EDFA configuration,
the amplified spontaneous emission (ASE) occurs concurrently
with signal amplification. This consequently causes the increase
of noise configuration. As the LD was pumped by using a for-
ward pumping scheme, a better noise figure was obtained. Fig-
ure 2 shows the ASE spectral taking after being slice by a ring
resonator. As depicted in this figure, the ASE power obtained
around 1530 nm, where more spontaneous emission occurs at
that region. The maximum amplified power is at —49.19 dBm,
the ASE spectrum then is looped back to the EDFA. The mea-
surement is formed by using 10% of the output spectrum being
coupled by the ring cavity by 90:10 output coupling and
observed at OSA. Figure 3 shows the EDF lasing spectrum,
whereas the bandwidth of the lasing spectrum is 14.3 nm with
the maximum lasing power of 5.94 dBm.
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Figure 2 Result of the ASE of EDFA. [Color figure can be viewed in
the online issue, which is available at www.interscience.wiley.com]
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Figure 3 Result of the spectrum of EDF lasing spectrum. [Color fig-
ure can be viewed in the online issue, which is available at
www.interscience.wiley.com]

In the second experiment, the multiwavelength, that is, multi-
soliton investigation for SOA with the saturated power (maxi-
mum bias current) of about 10 dBm (400 mA) is investigated.
The operating temperature of the SOA is set at 30°C with the
bias current of 200 mA. The ASE of SOA taken after the ring
resonator is as shown in Figure 4. The extension ratio and the
spacing between two peaks are dependent on the length of the
PMF. In Figure 5, the multisoliton pulses are generated with
the center wavelength at 1.54 pm. The generation of multisoli-
ton with a free spectrum range and spectrum width of 2.4 and
0.96 nm is achieved. The memory time of 15 min and the maxi-
mum output of —6.0 dBm are noted, respectively.

3. CONCLUSIONS

In conclusion, a generation of multiwavelength laser, that is, sol-
iton is demonstrated, whereas the multisoliton pulses are also
generated when the flat amplified output is seen. A ring resona-
tor is used incorporating an SOA and EDFA in a ring cavity
configuration to generate a comb filter for multiwavelength gen-
eration. The number of wavelength generated can be controlled
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Figure 4 Result of a multiwavelength generation. [Color figure can be
viewed in the online issue, which is available at www.interscience.
wiley.com]
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Figure 5 Result of a multisoliton band with center wavelength at
1.54 um. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com]

by adjusting the SOA bias current, whereas the channel spacing
and output spectrum bandwidth can be controlled by adjusting
the birefringence in the ring cavity using the 3 dB couplers and
the PCs. Results obtained have shown that more than 30 chan-
nels at a spacing of 2.4 nm and power of more than —0.6 dBm
can be achieved, and the memory time of 15 min is noted.
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ABSTRACT: An inductive matching technique is proposed for a noise-
canceling CMOS low-noise amplifier (LNA). This composite LNA
consists of a main amplifier and a feed-forward amplifier. The feed-
forward amplifier provides a noise canceling path to eliminate the noise
at the output of the main amplifier. An inductor is used to tune out the
remaining capacitive impedance at the output common node of two
amplifiers, which provides the proper phase difference to cancel the
overall noise voltage. For an optimum noise canceling bias, the
measured noise figure is 2.5 dB, which is an improvement of 0.6 dB.

© 2009 Wiley Periodicals, Inc. Microwave Opt Technol Lett 52: 7275,
2010; Published online in Wiley InterScience (www.interscience.
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1. INTRODUCTION

Recently, the radio frequency circuits implemented in CMOS
technology are maturing. Low-noise amplifier (LNA) is the first
amplification block in wireless receivers and plays an important
role in overall performance of sensitivity, linearity, and power
consumption of the receiver. The inductive source degeneration
technique is widely used in an LNA design. However, the large in-
ductor with low quality factor not only costs large area but also
leads to high power dissipation. Many studies have been devoted
to reduce the noise figure (NF) of LNA. Han et al. developed a
complete thermal noise model of deep submicron MOSFETSs con-
sidering the velocity saturation and carrier heating effects, which
achieves an excellent NF at 5.2 GHz [1]. Chiu et al. thin down the
substrate to 20 pum to suppress the substrate loss and obtain a NF
of 2.17 dB at 5.2 GHz [2]. Asgaran et al. considered the gate re-
sistance and proposed an LC network for input matching network,
which yields a low power consumption of 4 mW [3]. However, in
the techniques mentioned earlier, the best NF is achieved either by
using accurate in-house noise model or extra postprocess such as
substrate thinning. These techniques are not available in standard
CMOS technology. Some LNAs are recently designed using
standard process, for instance, Mou et al. suggested adopting a
parallel LC network to replace the large gate inductor that there-
fore reduces the source inductance [4]. Lu et al. implemented a
2.4/5.2 GHz dual-band LNA by switching the input transconduc-
tance and the output capacitance to obtain a 3.7 dB NF at 5.2 GHz
[5]. Bevilacqua et al. realized a wideband differential LNA in
0.13-um CMOS process and obtain a NF of 3.5 dB [6]. These
approaches using impedance match technique or differential to-
pology still suffer from the trade-off between NF and input match-
ing. The aforementioned techniques usually achieve NF around
3.5 dB at 5 GHz band. These results are about 1 dB worse than
that using in-house noise model or extra postprocess. Bruccoleri
et al. developed a noise canceling technique by adopting a feed-
forward amplifier in parallel to the main amplifier and the noise
can be canceled by opposite phase at the output port [7-9]. This
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