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Abstract: An all-optical ultrawideband monocycle generator based on wavelength conversion in a
semiconductor optical amplifier (SOA) and optical tunable delay in an optical delay line (ODL) is
proposed and simulated. The system achieves optically switchable in pulse polarity and tunable in
both the pulsewidth and radio frequency (RF) spectrum.
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1. Introduction developed rapidly, because of the low loss over
long-distance transmission in the optical fiber. Many
[3-6] and

methods [7-9] have been proposed. Particularly, an

As a promising technology, ultrawideband electro-optical methods all-optical

(UWB) is regarded to have wide applications for

short-range, high-capacity wireless communication
systems and broadband sensor networks [1]. As
defined by the U.S. Federal
Commission (FCC), UWB signals must occupy a
10-dB bandwidth more than 500 MHz,
fractional bandwidth greater than 20% within the
spectra from 3.1 GHz to 10.6 GHz [2]. UWB signal
which polarity
switchability and pulsewidth or radio frequency (RF)

Communications

or a

generators, achieve  pulse
tunability, are especially desired to provide wide
applications and the flexibility of the systems.
However, the UWB signal suffers tremendous
loss in free-space transmission, so it is typically used
in short-distance communications. UWB signal
generation

in the optical domain is recently
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optically switchable and tunable scheme has been
demonstrated using the semiconductor optical
amplifier (SOA) and single-mode fiber (SMF), but a
long span of optical fiber should be used [10].

In the present paper, a novel scheme for
all-optical UWB monocycle generator based on
wavelength conversion in the SOA and time delay in
the optical delay line (ODL) is proposed and
simulated. The proposed scheme is optically
switchable in pulse polarity and tunable in both the
pulsewidth and RF spectrum without a long span of

optical fiber.
2. Operation principle

The working principle of the optically
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switchable and tunable UWB generation scheme is
shown in Fig. 1. A Gaussian pulse train at the
wavelength A, is used as the pump. A continuous
wave (CW) probe at 4, is injected into an SOA with
the pump signal together through a wavelength
division multiplexer (WDM). Through the effect of
cross-gain modulation (XGM), a polarity-reversed
Gaussian pulse train is modulated onto the CW
probe. After that, the Gaussian pulse train and
polarity-reversed Gaussian pulse train are divided to
different beam paths by another WDM. A time delay
relative to the output pump is introduced to the
output probe by an ODL. By using the third WDM,
the output pump and probe are coupled again. Thus,
the mixed signal obtains a UWB monocycle shape.
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Fig. 1 Schematic illustration for the switchable and tunable
UWB monocycle generator.

The time delay between the Gaussian and
polarity-reversed Gaussian pulse trains can be
controlled by tuning the ODL. Then the pulsewidth
of the output UWB monocycle signal will vary.
When we tune the ODL to achieve time delay and
advance, the generated pulses can be switched
between the positive and negative monocycles.

3. Theoretical model and simulation

parameters

The XGM process in the SOA can be described by
the carrier rate equation and propagation equation [11]:
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where N is the carrier density, / is the injection
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current, e is the quantity of electron charge, V" and A4,
are the volume and cross section of the active region,
2,(N) and hc/l, are the gain coefficient and the
photon energy at the wavelength 4,, respectively,
and the index w corresponds to different input lights,
including the pump and the probe. R(N) accounts for
the carrier consumption due to the radiative
recombination and nonradiative recombination. 4,
is the amplitudes at the wavelength 4,,.

The recombination rate depends on the carrier

density and is given by
R(N)=AN+BN?+CN". )
The gain coefficient can be expressed as
gw(N’/lw)zal(N_No)_az(/lfu _ﬂzv)z 3)
+a, (A, ~Ay)
where Ay is the peak wavelength, which is assumed
to shift linearly with the carrier density, i.e.,
An=Ao=as(N=Ny).

The description and value of SOA parameters
used in simulation are listed in Table 1, where
V=Iwd and A¢=wd. The pump signal is the Gaussian
pulse at 1535nm with full width at half maximum
(FWHM) of 70ps and the repetition rate of 1.25GHz.
The probe wavelength is 1550nm. The probe power
and pump peak power are 1 mW.

Table 1 SOA parameters used in simulation.

Symbol Description Value
) Length of active region 10°m
w Width of active region 1.5x10°m
d Thickness of active region 2107 m
A Unimolecular recombination constant 1.5x10%s™!
B Bimolecular recombination constant 1x107"°m%/s
C Auger recombination constant 1.2x10% m%s
aj Gain constant 5%102° m?
a, Gain constant 7.4x10%m>

as Gain constant 3.155x10% m™

as Gain constant 3x10 2 m*
No Carrier density at transparency 1x10%* m™
Ao Wavelength at transparency 1.56x10°m
a Linewidth enhancement factor 4
int Internal loss 5%10°m™!
r Confinement factor 0.3
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4. Simulation results and discussion

Figure2 shows the waveform of input Gaussian
signal, output pump, and output probe, respectively.
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The FWHMSs of the output pump pulse and output
probe polarity-reversed pulse are 90.7ps and 88.1ps,

respectively.
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Fig.2 Waveforms of different lights: (a) input pump, (b) output pump, and (c) output probe.

Figure 3 depicts the temporal traces of the
generated UWB monocycle, when the time delay is
tuned at different values. In Figs.3(a) — 3(c), the
time delays are positive. Thus, the output probe
drops behind the output pump. The positive UWB
monocycle pulses are obtained. However, in Figs.
3(d) - 3(f), the time delays are negative. That is to
say, the time advances are achieved. Then the output
probe is ahead of the pump. We realize negative
UWB monocycle pulses. The repetition period of
output UWB signal is 800 ps.

The dependence of the generated monocycle
pulsewidth on the time delay is illustrated in Fig.4.
The negative time delays represent time advances.

For the generated positive UWB monocycle signal,
the upper FWHM and lower FWHM can be tuned
from 49.5ps to 90.1ps and from 50.4ps to 87.5ps,
respectively. The corresponding parameters of the
generated negative UWB monocycle signal can be
tuned from 51.8ps to 90.6 ps and from 55.8 ps to
87.5ps, respectively.

To further confirm the successful realization of
the UWB monocycle generation, Fig.5 denotes the

radio frequency (RF) spectra and their envelopes

for the generated UWB monocycle signals.
From the line space, we find the repetition
frequency of the output UWB signal is
1.25GHz.
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Fig.3 Temporal traces of the generated UWB monocycle signals with different time delays [(a) — (c): 140ps, 70ps, and 10ps] and
advances [(d) — (f): —10ps, —70ps, and —140ps]: (a) — (c) positive UWB monocycle and (d) - (f) negative UWB monocycle.
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Fig. 4 Pulsewidth depending on the time delay.

Figure 6 plots the variation in the RF spectrum
when the time delay or advance is varying. From Fig.
6(a), we know that the central frequency and 10-dB
bandwidth of the generated positive UWB
monocycle can be tuned from 3.30GHz to 5.40GHz
and from 5.34 GHz to 8.86 GHz, respectively; for the
negative UWB monocycle, they can be tuned from
3.24 GHz to 5.11 GHz and from 5.23 GHz to
8.30 GHz, respectively. Figure 6(b) shows that, the
fractional bandwidth of the generated monocycle
signal have very slight fluctuation between 161.4%
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and 164.1%. It is noted that the obtained RF spectra
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Fig.5 RF spectra for UWB monocycle pulses with different time delays [(a) — (c): 140ps, 70ps, and 10ps] and advances [(d) — (f):

are in good agreement with the FCC UWB definition.
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Fig. 6 Tunability in RF spectrum: (a) central frequency, 10-dB bandwidth and (b) fractional bandwidth as a function of the time delay.

By synthesizing the results shown in Figs.3,4,5, and 6, we find that when the time delay increases,
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the upper and lower FWHMs of the generated
positive UWB monocycle signal will increase, but
the central frequency and 10-dB bandwidth will
decrease. When the time advance increases, the
upper and lower FWHMs of the generated negative
UWB monocycle will increase, but the central
frequency and 10-dB bandwidth will decrease. Thus,
we realize pulse polarity switchability, and both
pulsewidth and RF spectrum tunability for the
generated UWB monocycle signal, by controlling
the time delay and advance.

For the UWB
modulation (PPM) is regarded as an important

signal, the pulse polarity
modulation scheme [12]. The proposed optically
switchable monocycle generator can be expediently
used for PPM for the optical UWB signal. And the
optical tunability of the proposed monocycle
generator offers the convenience to control the

pulsewidth and the RF band for a flexible system.

5. Conclusions

We  have
demonstrated an all-optical

proposed and  numerically
UWB monocycle
generator. Our scheme is optically switchable in
pulse polarity and tunable in both the pulsewidth
and RF spectrum. The pulsewidth, central frequency,
and 10-dB bandwidth of the generated monocycle
signal can vary expediently by tuning the ODL. The
proposed monocycle generator provides a potential
method for PPM for the optical UWB signal and
also provides flexibility for the applications of the
UWRB technology.
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