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Research on a scheme of generating ultra-wideband
doublet signal based on the cross-gain modulation
in a semiconductor optical amplifier
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We propose a novel scheme for generating ultra-wideband doublet signal based on the cross-gain
modulation effect in a semiconductor optical amplifier. This scheme requires only a semiconductor
optical amplifier and an optical source. By using OptiSystem software, we simulate and analyze
the effect of the input signal light power and wavelength, the pulse width and injection current on
the generated doublet pulse. In addition, the optimal range of parameters are also given in the sim-
ulation process.
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1. Introduction

Ultra-wideband (UWB) radio frequency (RF) technology is a short-range wireless trans-
mission technology. It is widely studied because of its high speed, low power consump-
tion, high security and bandwidth sharing with existing RF systems [1, 2]. In order to
increase the transmission distance of UWB signals, UWB over fiber technology is pro-
posed.

Atpresent, many researches have been proposed to generate UWB pulses. The scheme
for UWB signal generation based on cross-gain modulation (XGM) [3—6] or gain sat-
uration effect [7] of the semiconductor optical amplifier (SOA) was presented. In [8],
an all-optical UWB generation employed an electrical modulation signal pulse edge
change. In [9], an approach to generate UWB doublet pulse by using different linear
regions of the reflected spectrum in the fiber Bragg grating (FBG) was proposed. Pho-
tonic generation of UWB signals cross-phase modulation (XPM) [10], cross-polariza-
tion modulation (CPM) [11] and four-wave mixing (FWM) [12] were also proposed.
Besides, phase modulation (PM) and FBG can be combined to generate high order
UWB pulse [13].

In this paper, we propose a novel scheme to generate UWB doublet pulses based
on the XGM using pump light and probe light which are coupled into SOA in opposite
directions. The use of an opposite working mode can improve the output signal extinction
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Fig. 1. Doublet signal pulse generation principle structure diagram. LD — laser diode, PS — power splitter,
BPG - bit pattern generator, ODL — optical delay line, VOA — variable optical attenuator, PC — power
combiner, OBF — optical bandpass filter, PD — photodetector, OS — oscilloscope, RF — spectrum analyzer.

ratio [14]. Compared with the result of Zhao’s doublet pulse [5], the center frequency
of the resulting signal is more stable and the power spectrum is more in line with FCC’s
requirements for UWB. We simulate the scheme using OptiSystem software and
analyze the effect of the input signal light power and wavelength, the pulse width and
injection current on the generated doublet pulse. In addition, the optimal range of pa-
rameters are given in the simulation process.

2. Experimental setup and principle

The schematic diagram of experimental setup is shown in Fig. 1, which generates dou-
blet pulse based on XGM in SOA.

The continuous light (CW) generated by laser diode (LD) is splitted into three beams
by a power splitter (PS). The continuous light of the upper branch is modulated to pump
light by MZM and the middle branch is used as the probe light. The continuous light
of the lower branch is modulated to signal light through the MZM.

The power of the probe light and the pump light achieves the maximum at the right
and left ends of the SOA, respectively. The pump light is strong at the left side of SOA,
so the probe light is modulated into an inverted negative pulse by the XGM. Because
of the gain saturation of the SOA and overshoot phenomenon, the probe light generates
a monocycle. The monocycle and the signal pulses of the lower branch are coupled
together by a delay, attenuator and optical power combiner to generate a doublet
pulse. The doublet pulse is amplified and filtered by the EDFA and optical bandpass
filter (OBF), and then converted into electrical pulses through the photodetector (PD).
Finally, the output is observed by an oscilloscope and a spectrum analyzer.

3. Simulation results and discussions

We use OptiSystem software to simulate the scheme. If there are no specified instruc-
tions, the system parameters always used are as follows.
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Fig. 2. Output doublet pulse waveforms (a) and radio frequency spectrum (b).

The power and wavelength of the light source are set to 0.237 mW and 1563.5 nm,
respectively. The coding is carried out at a duty ratio of 1:16. According to the bit rate
of 20 Gbit/s and duty cycle, we can calculate the pump light repetition frequency of
1.25 GHz. The injection current of SOA is 70 mA. The center frequency of the filter
is 1563.5 nm and its bandwidth is 0.7 nm.

In this setting, the output of the doublet pulse and its RF spectrum are shown in Fig. 2.
The —10 dB bandwidth and relative bandwidth of the output RF signal are 9.9 GHz and
158%, respectively. It meets the FCC UWB definition.

3.1. The effect of light source on doublet signal

To study the effect of the light source on the doublet signal, the optical power of the
input signal is set to 0.217, 0.227, 0.237, 0.247 and 0.257 mW, and other parameters
are kept unchanged.

The simulation results are shown in Fig. 3. It can be seen from the signal waveforms
in Figs. 3a—3e that the average power of the doublet signal is gradually increased with
the light source power increasing within a certain range. But the relative amplitude of
the left side of the pulse is gradually lower than the right side. This is due to the incident
signal power of the lower branch increasing. While the probe light pulse gain gradually
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Fig. 3. To be continued on the next page.
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Fig. 3. Doublet pulse waveforms (a—e) and radio frequency spectrum (f—j) with different input optical
powers.
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is increased, the resulting overshoot (right positive pulse) gradually becomes larger.
It can be seen from Figs. 3g—3i that the power spectral density of the 3.1-10.6 GHz
signal is increased to meet the requirements of the FCC for UWB, and bandwidth is
greater than 158%. Therefore, in the case where the attenuation is fixed, the output
signal is better when the optical power is set between 0.227 and 0.247 mW.

3.2. The effect of the pulse width of the input signal on the doublet pulse

Figures 4a—4c¢ shows the output doublet pulse when the input signal pulse width is 0.3,
0.6 and 0.9 bit, respectively.
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Fig. 4. Doublet pulse waveforms (a—c) and radio frequency spectrum (d—f) with different input signal
pulse width.
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It can be seen that the average optical power of the output doublet signal is decreased
gradually as the pulse width of the input signal increases, and the amplitude of the entire
doublet signal pulse is increased. But the relative amplitude of the left side is gradually
lower than the right side. This is due to the fact that the signal pulse is widened so that
the duration of the probe light at low power gets longer, allowing the carrier to be ef-
fectively recovered. Overshoot is increased and the relative amplitude of the left side
is gradually lower than the right pulse. As shown in Figs. 4d—4f, when the output signal
pulse is 0.3 bit, the corresponding spectrum is so wide that the FCC requirements of
UWRB are not met. When the output signal pulse is 0.6 bit, the output RF signal -10 dB
bandwidth is 9.9 GHz and the relative bandwidth is 158%. It has a good symmetry and
meets the FCC requirements of the UWB very well. When the input signal pulse width
is 0.9 bit, the low frequency components are increased and the high frequency com-
ponents are significantly inhibited. It roughly meets the FCC requirements for UWB.
Therefore, the doublet signal output in this scheme is better when the input signal pulse
width is 0.6 bit.

3.3. The effect of SOA injection current on the doublet signal

To study the effect of SOA injection current on the doublet signal, the input current
of SOA is set to 60, 65, 70, 75 and 80 mA, respectively, and other parameters are kept
unchanged.

The simulation results are shown in Fig. 5. It can be seen from Figs. 5a—5e that the
symmetry of the output signal becomes better and then asymmetrical as the injection
current increases. The average power is increased as the injection current increases.
A doublet signal on the left side of the pulse amplitude is gradually reduced, and the
right side of the pulse is gradually steep. This is due to the fact that the XGM effect is
weak at low carrier concentration, so the generated negative pulse amplitude is small.
With the increasing of the injection current, the carrier concentration in the SOA is
increased, and the carrier recovery speed is accelerated. The negative pulse amplitude
generated by the XGM effect is gradually increased and overshoot amplitude becomes
larger. So the left side of the pulse amplitude is gradually lower than the right side. It
can be seen from Figs. 5f—5j that the low frequency components of the doublet signal
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Fig. 5. To be continued on the next page.
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Fig. 5. Doublet pulse waveforms (a—e) and radio frequency spectrum (f—j) with different SOA injection
current.
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increase as the injection current increases, but there is a significant low frequency re-
jection at 2.5 GHz when the injection current is 70 mA. The spectrum is roughly in
line with FCC requirements. According to the waveform diagram, the output signal is
better when the injection current is maintained at about 70 mA.

3.4. The effect of light source wavelength on the doublet signal

When the wavelength is increasing from 1540.5 to 1565.5 nm, the effect of light source
wavelength on the doublet signal is studied.
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Fig. 6. Doublet signal center frequency and —10 dB bandwidth with the wavelength of the light source
curve.

The doublet signal center frequency and —10 dB bandwidth and wavelength of the
curve are shown in Fig. 6. As can be seen from Fig. 6, the waveform of the output signal
does not change with different wavelengths. The relative bandwidth of the output dou-
blet signal is greater than 158%, which meets FCC requirements. Therefore, this scheme
is insensitive to wavelength variations and can generate UWB signals over a wide range.

4, Conclusion

We propose a novel scheme for generating UWB doublet signal based on the XGM in
a SOA. The effect of light source power, input signal pulse width, SOA injection cur-
rent and light source wavelength on the doublet signal is studied by using OptiSystem
software. The reference range of parameters is given. The results show that the output
signal is better when the power of the light source is between 0.227 and 0.247 mW,
and the spectrum has good tolerance to the power of the light source, which shows that
the available range is very wide. When the wavelength of the light source is between
1543.5 and 1563.5 nm, the center frequency and —10 dB bandwidth of the doublet sig-
nal are almost unchanged, indicating that the scheme is not sensitive to the wavelength.
In the process of analysis, the pulse width of the input signal and optimization range
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of'the SOA injection current are given. It has a significant theoretical guidance for the
experiment.
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