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Photonic Generation of Reconfigurable Orders
Ultrawideband Signals by Using Cascaded RSOAs

Hanlin Feng, Shilin Xiao, Lilin Yi, and Weisheng Hu

Abstract— We experimentally demonstrate an ultrawideband
(UWB) signals generation scheme with reconfigurable orders
using cascaded reflective semiconductor optical amplifiers.
Through controlling the gain saturation effect of this cascaded
structure, a quasi-high-pass radio frequency filter with tunable
cutoff frequency is realized. After passing through this filter, the
coded Gaussian like pulse is converted to first-, second-, and
third-order UWB signals. All achieved UWB signals accord with
the Federal Communications Commission regulations and the
third-order UWB signal can eliminate interference with other
wireless communications in low frequency range.

Index Terms— Microwave filters, semiconductor optical
amplifiers (SOAs), ultrawideband (UWB), differentiation.

I. INTRODUCTION

ULTRAWIDEBAND (UWB) signal is considered as one
of the most promising scheme for next generation short

range wireless communication systems with advantages of
high bit rate, low power consumption and high immunity to
multipath fading. Federal communications commission (FCC)
has defined the spectral density of UWB signal is lower than
−41.3 dBm/MHz from 3.1 GHz to 10.6 GHz. Due to such low
power density, the communication range of UWB systems is
restricted to several meters. Combing fiber optics with UWB
systems can greatly extend the network coverage, so photonic
generation UWB signal has become a research focus [1].
UWB signals are categorized into monocycle signal (first order
derivative), doublet signal (second order derivative), triplet
signal (third order derivative) and other high orders derivative
signals. Compared with monocycle and doublet UWB signal,
triplet UWB signal has lower power density in low frequency
range (0 GHz–3 GHz ) and this may avoid interference with
global position system (GPS) band (0.96 GHz–1.61 GHz) [2].
According to existing research reports, photonic triplet UWB
signal generation schemes can be classified into utilizing N tap
radio frequency (RF) filter [3], incoherent summation [4],
and integration two complementary doublet UWB pulses [5].
Meanwhile, the cross phase modulation (XPM) effect of
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Fig. 1. Principle of first, second and third order UWB signals generation
based on high pass RF filter.

integrated semiconductor optical amplifier Mach-Zehnder
interferometer structure (SOA-MZI) has been developed to
generate triplet UWB signal [6], which is more stable and
flexible due to the photonic integration technology.

In this letter, we design and validate a UWB signal gener-
ation scheme with reconfigurable differential orders based on
cascaded reflective semiconductor optical amplifiers (RSOAs).
It is worth noting that gain saturation effect of RSOA has
already been used to generate monocycle UWB pulse [7].
In our scheme, gain saturation effect is controlled by adjusting
bias currents of two discrete RSOAs. Thus this cascaded
RSOAs structure is converted to a quasi-high-pass RF filter
with tunable cut-off frequency. After passing through this filter,
the low frequency part of Gaussian like pulse sequences is
reconfigurable filtered out and different orders UWB signals
can be obtained. So this quasi-high-pass RF filter is equivalent
to a reconfigurable differentiator with different orders in opti-
cal domain. We measure waveforms and electrical spectrums
of UWB signals after 5-km SMF transmission. Attributed
to single wavelength operation in our proposal, there is few
spectrum and waveform distortion observed.

II. PRINCIPLE AND EXPERIMENTAL SETUP

The principle of generation reconfigurable orders UWB
signals is shown in Fig. 1. In electrical domain, Gaussian like
pulse train is filtered by a high pass RF filter with cut-off
frequency fc to suppress low frequency part and pass high
frequency part. Through changing the cut-off frequency fc of
this filter, various orders Gaussian like pulses are produced.
The lowest cut-off frequency f1 GHz corresponds to the first
order derivative (monocycle UWB signal). After increasing
cut-off frequency to f2 GHz ( f1 < f2), doublet UWB signal
is obtained by second order differential operation. To further
increasing cut-off frequency to f3 GHz ( f1 < f2 < f3),
third order derivative (triplet UWB signal) is generated.
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Fig. 2. Experimental setup of reconfigurable orders UWB signals generation
scheme.

In reference [8], high-pass RF filter is realized by utilizing
gain saturation effect in single semiconductor optical amplifier
(SOA). The cut-off frequency fc of high pass RF filter can be
roughly estimated as

fc ∝ 1

2πτc
(1)

Note that cut-off frequency fc is inversely proportional to
carrier lifetime τc. Through increasing input power and bias
current, SOA is working in gain saturation region and carrier
density in active area is enhanced. However, carrier lifetime
decreases with the enhancement of carrier density in active
area. This process leads to increasing the cut-off frequency fc

of high pass RF filter. After carrier lifetime τc has been deter-
mined, the low frequency response of SOA is approximately
equal to formula (2).

H(w) = A · w2 (2)

A is a constant which related to τc. After pass through SOA,
ideal Gaussian pulse is converted to equation (3) and the
frequency response of second order derivative is generated.

Y(w) = H(w) · X(w) = A · w2 · e− (2πwσ)2
2 (3)

The experimental setup is shown in Fig. 2. The lightwave λ
at 1540 nm with 6 dBm output power is generated by tunable
laser source (TLS). The Gaussian like pulse train is coded by
pulse pattern generator (PPG). The output data rate of PPG
is 12.5 Gb/s with a word length of 231 − 1, by using the
regular coded pattern “1000 0000 0000 0000” to represent
one and pattern “0000 0000 0000 0000” to represent zero.
The repetition rate of generated UWB signal is 781.25 MHz.
The Mach-Zehnder modulator (MZM) is driven by the coded
pulse train amplified by a radio frequency amplifier (RFA).
Then by using optical circulator I and optical circulator II,
the cascaded RSOAs structure is injection locked by this
Gaussian like pulse train. Because RSOA is a polarization
sensitive device, the polarization state of injected light is
needed to be set by polarization controller (PC) before entering
RSOA. The output signals are sent to a photo diode (PD)
for photoelectric conversion after 5-km SMF transmission.
These receiving signals are analyzed by oscilloscope (OSC)
and electrical spectrum analyzer (ESA).

III. EXPERIMENTAL RESULTS AND DISCUSSION

We measured the gain saturation and frequency response
curve of the cascaded RSOAs structure. The property of single
RSOA is used for comparison, as shown in Fig. 3(a) and (b).

Fig. 3. Gain saturation and frequency response curves. (a) Gain saturation
curve; (b) frequency response curve.

TABLE I

MEASURED CUT-OFF FREQUENCY AND DIFFERENTIAL

ORDER OF QUASI-HIGH-PASS FILTER

Due to the limit of carrier lifetime, gain saturation effect
of SOA is only sensitive to certain RF frequencies under
fc GHz [8]. Because of enhanced gain saturation effect, we
utilize the cascaded RSOAs structure to realize adjustable
high-pass filtering effect. With this enhanced gain saturation
effect, the carrier density of cascaded structure is increased
which leads to a reduced carrier lifetime. Compared with
single RSOA, cascaded structure has a better low frequency
filtering effect due to this reduced carrier lifetime. As shown in
Fig. 3(a), the cascaded structure has lower output power than
single RSOA. By increasing bias current of the first stage, the
gain saturation effect can be further enhanced. In Fig. 3(b),
the output signal is suppressed by RSOA, when the signal
frequency is lower than fc. While the signal frequency is
higher than fc, the output signal is amplified by RSOA.

Through comparison of frequency response curve, the cas-
caded structure has better filtering effect in low frequency
area. In single RSOA configuration, gain saturation effect is
limited. When bias current is 45 mA, the first order UWB
signal (monocycle) is generated. In Table I, the correspond-
ing cut-off frequency fc is 2.25 GHz and the first order
differentiator is realized by this high-pass filter. As bias
current changed to 66 mA, the second order UWB signal
(doublet) is generated with cut-off frequency of 2.5 GHz and
the filter’s slope is increased corresponding to the second
order differentiator. In the cascaded structure, gain saturation
effect is significantly enhanced. The second derivative doublet
UWB signal is produced with bias currents of RSOA 1 and
RSOA 2 both set to 45 mA, and the corresponding cut-off
frequency is 2.46 GHz with better band-stop performance
in low frequency area. At this time, this cascaded structure
can also be used as a second order differentiator. When bias
current of RSOA 1 is increased to 59 mA and bias current
of RSOA 2 remains unchanged, the third order UWB signal
(triplet) is obtained. Owing to the increased power of input
light, RSOA 2 is working in deep saturation region with
3.3 GHz cut-off frequency and the third order differentiator
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Fig. 4. Waveforms and electrical spectrums of Gaussian like pulse (a), (b),
Monocycle UWB signal (c), (d) and Doublet UWB signal (e), (f) generated
by single RSOA.

is achieved. On the contrary, if we decrease the bias current
of RSOA 1, the amplification factor of the first stage will
reduce. So, with a lower injection power from the former
stage, the gain saturation effect of RSOA 2 will decreased. The
corresponding cut-off frequency of this cascaded structure is
also reduced and the generated UWB signal will be degraded
to previous derivative orders. However, if we further increase
the bias current of RSOA 2, the gain saturation and cut-off
frequency of this cascaded structure will not be improved
significantly. It’s mainly due to the limited carrier density of
RSOA 2. In this case, the generated UWB waveform is decided
by the input power from the first stage.

The waveforms and spectrums of Gaussian like pulse and
generated UWB signals are shown in Figs. 4 and 5 with
theoretical waveforms (red line) and spectrums (violet line).
Fig. 4(c) and (d) depict the waveform and spectrum of
monocycle UWB signal which generated by the quasi-high-
pass filter with 2.25 GHz cut-off frequency (I = 45 mA,
single RSOA). This monocycle UWB signal has full width at
half maxium (FWHM) about 114 ps with central frequency of
3.1 GHz and 10 dB bandwidth of 5.2 GHz which correspond-
ing to a fraction bandwidth of 168%. Fig. 4(e) and (f) demon-
strate the waveform and spectrum of doublet UWB signal
which generated by a quasi-high-pass filter with 2.5 GHz cut-
off frequency (I = 66 mA, single RSOA). This doublet UWB
signal has FWHM about 78 ps with 3.8 GHz central frequency
and 10 dB bandwidth of 5.3 GHz which corresponding to a
fraction bandwidth of 139%.

Fig. 5(a) and (b) show the waveform and spectrum of
reversed doublet signal generated by cascaded RSOAs, when
bias currents I1 and I2 are both set to 45 mA. Though the cut-
off frequency (2.46 GHz) is very close to that of single RSOA
with 66 mA bias current, the cascaded structure has steeper
slope which equivalent to a second order differentiator. So a
polarity reversed doublet UWB signal is produced. This dou-
blet UWB signal has FWHM about 76 ps with 4.6 GHz central
frequency and 10 dB bandwidth of 5.1 GHz, corresponding to
fraction bandwidth of 111%. Therefore, as cut-off frequencies
are basically the same, polarity reversed signals are produced
by high-pass filter with steeper slope. However, for achieving

Fig. 5. Waveforms and electrical spectrums of Doublet UWB signal (a), (b)
and Triplet UWB signal (c), (d) generated by cascaded RSOAs.

higher order UWB signal, cut-off frequency has to be enlarged.
Fig. 5(c) and (d) manifest waveform and spectrum of triplet
UWB signal which generated by a quasi-high-pass filter with
3.3 GHz cut-off frequency (I1 = 59 mA, I2 = 45 mA).
This triplet UWB signal has FWHM about 54 ps with central
frequency of 4.5 GHz and 10 dB bandwidth of 11 GHz which
corresponding to a fraction bandwidth of 245%. The third
order triplet UWB has −72 XdBm power dip from 1 GHz
to 1.6 GHz which can effectively avoid interference with
other wireless communications, especially the GPS service in
1.57542 GHz.

IV. CONCLUSION

In conclusion, a novel reconfigurable orders UWB signals
generation scheme based on cascaded RSOAs is proposed. The
generated first, second and third order UWB signals have very
good performance. The proposed scheme is simple, colorless
and single wavelength operation, which may become a bridge
between fixed and wireless access networks.
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