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Abstract. An approach to generate ultrawideband (UWB)
monocycle pulses is proposed and experimentally demon-
strated, based on a dual-output intensity modulator and tun-
able optical time delay. Positive and negative pulses are ob-
tained from two output ports of the modulator, respectively,
and are coupled together through different time delays. The
generated monocycle pulse has a 10-dB bandwidth of

6.5 GHz and a central frequency of 3.7 GHz. © 2008 Society of
Photo-Optical Instrumentation Engineers.
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1 Introduction

Ultrawideband (UWB) is a promising technology for short-
range wireless indoor communication due to many advan-
tages, such as extremely wide bandwidth, low-power spec-
tral density, and multipath immunity.1 The United States
Federal Communications Commission (FCC) regulates the
7.5-GHz frequency band from 3.1 to 10.6 GHz for unli-
censed use of UWB with a power spectral density emission

limit of —41.3 dBm/MHz.> As a development of FTTx,
UWB-over-fiber combines UWB and fiber access networks
for broadband indoor wireless access. In recent years, the
generation of UWB signals directly in the optical domain
has attracted research interests, and many schemes have
been proposed, such as UWB Pulse generation based on
cross-gain modulation (XGM)** or gain saturation effect’
in a semiconductor optical amplifier (SOA); phase modula-
tion to intensity modulation (PM-IM) conversion using an
optical frequency discriminator®™; photonic microwave
delay-line filter structures'’; nonlinearly biased electro-
optic  intensity modulation'!; spectral-shaping  and
dispersion-induced frequency-to-time conversion'’; and
optical polarization modulation with time delay.13’14

In this work, we propose and demonstrate a simple ap-
proach to optically generate a UWB monocycle pulse based
on a dual-output electro-optic intensity modulator and op-
tical delay line. The fundamental principle is that a dual-
output intensity modulator is applied by an electrical pulse,
and then positive and negative pulses are obtained from
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two output ports, respectively, and coupled together
through different time delays. Through adjusting the elec-
trical pulse width and optical delay-line length, various
UWB monocycle pulses can be generated. In our experi-
mental demonstration, a UWB monocycle that has a 10-dB
spectrum bandwidth of 6.5 GHz and central frequency of
43.7 GHz is acquired.

2 Principle and Experiment

The experiment setup of our proposed scheme is shown in
Fig. 1(a). The dual-output electro-optic intensity modulator,
which has been used for photonic analog-to-digital
convertors'> and microwave photonic filters,'® has two
complementary output ports, i.e., the intensity of output 1
and output 2 is

I,(t) = %Ii{l + sin[w‘v—vxm + cpb}},

(1)
L(t) = %I,{l + sin[ T "Y‘Y(I) + @+ 77] },
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where [ is the intensity of the distributed feedback (DFB)
laser, V| is the applied electrical pulse, V. is the half-wave
voltage of the modulator, and ¢, is the initial bias phase.
Choosing the proper ¢, and amplitude of V, the modulator
could work in the linear modulated region. Then

1)~ %1,{1 . ”‘VVS(”}, b))~ %1,{1 . W'Vvsm],

2)

which shows that a positive optical pulse and negative op-
tical pulse can be obtained from the two output ports, re-
spectively, while electrical pulses are applied to the modu-
lator. The complementary pulses are coupled after a tunable
delay line (TDL). The combined signal is

I 7. V(t) 1 7 V(t—17)
I,)=0Li(t) + L(t—7) =1+ —I, - =1
0() 1() 2( T) i 21 Vﬂ. 21 Vﬂ.

]
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where 7 is the time delay between two complementary
pulses. Then by choosing a proper 7, monocycle pulses can
be detected by a photodetector (PD) at the coupler output.

In our experiment, a polarization interferometer based
on a LiNbO; phase modulator is used as a dual-output in-
tensity modulator, whose principle is shown in Fig. 1(b).
Adjusted by the polarization controller (PC) 1, input light is
launched 45 deg to the x and y axes of the phase modulator,
by which the phase difference between the x and y direc-
tions will linearly change with the voltage of the electric
signal. Two polarizations are made to interfere through a
polarizing beamsplitter (PBS) as an in-line analyzer whose
transmission axis is 45 deg to the x and y axes. Then the
intensity of output 1 and output 2 is complementary with
orthogonal polarizations. Due to orthogonal polarizations
of the two outputs, they will not interfere at the output of
the coupler. The phase modulator is driven by a fixed pat-
tern with a 622-MHz repetition rate and 1:15 duty cycle,
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Fig. 1 (a) Experimental setup of proposed scheme. (b) lllustration of dual-output intensity modulator
based on polarization interference.
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Fig. 2 Waveform of the optical positive pulse from output 1.
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Fig. 3 Waveform of the generated monocycle pulse.
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and the optical pulse from output 1 is a Gaussian-like shape
with a full width at half-maximum (FWHM) of 100 ps, as
shown in Fig. 2.

A waveform of the generated monocycle pulse is shown
in Fig. 3, which has a pulse width of about 130 ps. By
controlling the TDL, a O or w7 phase shift pulse can be
generated. In Fig. 4, the RF spectrum, whose envelope rep-
resents the spectrum of the monocycle pulse, includes dis-
crete frequency with an interval of 622 MHz, induced by
the applied pattern signal. With the 10-dB bandwidth at
6.5 GHz, and the central frequency at 3.7 GHz, then the
calculated fractional bandwidth is 175%.

By adjusting the electrical pulse width and optical delay-
line length, various UWB monocycle pulses can be gener-
ated. But the major disadvantage in our proposal is that the
optical pulse width is limited by an applied electrical pulse,
which restricts the frequency bandwidth of the UWB pulse.

3 Conclusion

A novel and simple approach to generate UWB monocycle
pulses is proposed and experimentally demonstrated, based
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Fig. 4 RF power spectrum of the monocycle pulse.
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on a dual-output intensity modulator and optical tunable
time delay. In our experiment, only one optical source is
required, and a polarization interferometer based on a
LiNbO; phase modulator performs as a dual-output inten-
sity modulator. By adjusting the optical tunable delay line,
a monocycle pulse output can be realized by the combina-
tion of a positive optical pulse and a negative optical pulse.
The result shows that the generated monocycle pulse has a
10-dB bandwidth of 6.5 GHz and central frequency of
3.7 GHz.
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