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We propose a novel scheme for synchronous optical sampling based on multicast parametric process. The linearly chirped

and time-broadened pulses are utilized to replace the traditional mode-locked sampling pulses. An optical sampling rate of

80 Gbit/s is realized by using only one sampling source with repetition rate of 10 GHz.
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With the rapid development of optical communications,
various professional applications based on high-speed
data service can meet more and more demands of people,
such as three-dimensional movies, advanced radar sys-
tems and real-time signal monitor. Researchers have paid
much attention on high-speed signal processing, and
many smart schemes have been proposed!®. In the pre-
vious schemes, the preprocessing was added in both
electronic and optical domains. Because of the inherent
electronic bottleneck of electrical devices, the speed of
signal processing is limited. All-optical signal processing
can successfully overcome the electronic limitation, and
has been extensively studied in high-speed signal proc-
essing applications!”'". All-optical sampling is one of
the most important parts of all-optical signal processing.
Brés et al''! have demonstrated the synchronous sam-
pling scheme with optical multicast, which is achieved in
optical domain. However, there is a shortage that the
high-speed input signals need high repetition rate for the
mode-locked laser, which is very difficult and expensive.
It can be solved by generating lots of copies previ-
ously!'>"], but it will lead to more complex structure and
larger parametric gain bandwidth.

In this paper, we propose a novel scheme of synchro-
nous optical sampling based on multicast parametric
process. The original sampling pulses are replaced by the
broadened and linearly chirped pulses, which can solve
the problem mentioned above successfully. The corre-
sponding numerical analyses and simulations are dis-

cussed to prove the feasibility of our scheme.

Fig.1 shows the signal parametric multicast and time
delay blocks. 4 multicast parametric channels are utilized
as example, which are generated in the highly nonlinear
fiber (HNLF1) based on parametric process. The idler
gain is given as

G o< exp[ 2yLE, (1)], (1)

where G is the idler gain, yis the nonlinear coefficient,
L, is the length of HNLF1, and E(?) is the power of
pump signal. Here, the envelopes of 4 idler signals
change with the envelope of pump signal, and the 4 cop-
ies are time delayed in a single mode fiber (SMF). Com-
pared with the pulse center of pump in the process of
parametric sampling, the temporal delays between pump
and Copy 1, Copy 2 are set to be —T\rz2, —Tnr7/4,
Twrz/4 and Twrz/2, where Tngrz is the period of the
non-return-to-zero (NRZ) signal. Thus, the center of the
pump can temporally overlap with the whole temporal
range of one NRZ code.
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Fig.1 Schematic diagram of signal multicast and time
delay blocks
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The time-broadened and linearly chirped pulses are
obtained via a dispersive fiber, as shown in Fig.2(a).The
time-dependent phase variation of the chirped pulse is
expressed as

2

¢, (2.T) =—%)(Z/fb) T - +larctan(z/LD) ,(2)

1+(z/L,) 210 2
where T, is the initial full width at half maximum
(FWHM) of the sampling pulse, Lp is the dispersion
length, and /3 is the second-order dispersion coefficient
of the fiber. The chirped pulses are utilized as pump and
delivered into another HNLF together with 2 signal cop-
ies 4,(1) (n=1, 2, 3, 4) to realize the parametric sampling
process. Because of the phase combination of the pump
pulses A,(¢) and the signal copies A ,(#) during the para-
metric process, the phase of the idler signal A;(¢) is
modulated by the chirped pulses!'*'* as

¢(2.T)=2¢,(2T)-¢,(27T). 3)

Compared with the chirp of pump, the chirp of signal
copies can be neglected. Thus, the frequency variation of
the idler signal is

99, _2sgn(B,)(2/L,) T
o  1+(z/L,) T,

0w (T)=-2 “4)

It can be seen that the chirp of idler signals is not only
linear, but also twice as many as that of the pump signal,
which is also shown in Fig.2(b).

Moo HIk

Input: no chirp pulse Dispersive medium

(2)

Output: chirped pulse

>

Input , , - ,
J S A R T A R
| ) T ! | | | |

Pump| | . — e |
| ! | t 1 T |
- L . |

Idler o i |

P, o - |
: ) -
w P,
(b)

Fig.2 (a) Time-broadened and linearly chirped pulses
and (b) the chirp of idlers (P1-P4 correspond to four
sampling points.)

The parametric sampling based on four-wave mixing
(FWM) in HNLF2 is shown in Fig.3. The sampling
points in time domain can be extracted by filtering out
different frequency components of the generated idlers,
which is implemented by the arrayed waveguide grating
(AWG) in our scheme. Further, the extracted sampling
points are delivered into the signal processing block for
equalization and coding.

Optoelectron. Lett. Vol.11 No.1

i Parametric

f\j/’i‘\_ sample
Copy4 - AN

Fig.3 Schematic diagram of the parametric sampling
block based on FWM

The equivalent sampling rate can be calculated by

[0(T),.. 7R,
R= max , (5)

where AH is the bandwidth of the fiber, # is the number
of copies, and R, is the repetition rate of the pump pulse
train. Since nR,, is the sampling rate in previous schemes,
it is evident that the sampling rate R can be improved if

the ratio satisfies |5a)i (T),. | /AH >1. Hence, the pro-

posed scheme has great advantages in enhancing the
sampling rate over the previous schemes.

Based on the theoretical analysis above, the schematic
diagram of our proposed scheme is shown in Fig.4. In
block A, the original pump source is centered at 1 550.4
nm and intensity modulated by a 10 Gbit/s NRZ bit se-
quence. Before being multiplexed with continuous waves
of CW1-CW4 with the same power of 1 dBm and wave-
lengths of 1536.3 nm, 1538.1 nm, 1540.0 nm and
1 542.0 nm in a wavelength division multiplex (WDM),
the pump signals are amplified by an erbium-doped fiber
amplifier (EDFA1) and filtered by a 0.6 nm optical band
pass filter (BPF1) to eliminate the amplified spontaneous
emission noise. The HNLF1 is followed as the nonlinear
medium to generate the 4 copies, which is known as the
paramatric multicast. The length, attenuation coefficient,
nonlinear coefficient, zero dispersion wavelength (ZDW)
and dispersion slope at ZDW of the HNLF1 are 100 m,
0.9 dB/km, 12 W'km™, 1 549.5 nm and 0.022 ps/(nm*km),
respectively. An 8 nm BPF2 is placed after HNLFI,
which can remove the original pump signals and
CW1-CW4. Copyl—Copy4 are further delivered into a
1200 m standard single-mode fiber (SSMF) to get the
temporal time delay. In block C, a 10 GHz Gaussian
pulse train at 1 555 nm with the pulse width of 10 ps is
used as the sampling source. The sampling pulse train is
linearly chirped in a 5 km SSMF and amplified by the
EDFA2. The parameters of EDFA2 are the same as those
of EDFAI, which has the maximum output power and
the noise figure of 30 dBm and 4 dB, respectively. The
BPEF3 is used to filter out the linearly chirped pump. The
HNLEF?2 is used for the parametric sampling process. The
attenuation coefficient, nonlinear coefficient, ZDW and
dispersion slope at ZDW of HNLF2 are 0.9 dB/km, 12
W'km™, 1553 nm and 0.02 ps/(nm”*km), respectively.
By the proper design of AWG placed after HNLF2, the
desired sampling points can be extracted accurately.
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Fig.4 Schematic diagram of optical sampling based on multicast parametric process

The output spectra of block A are shown in Fig.5. It is
evident that the 4 copies are generated at 1 558.9 nm,
1560.8 nm, 1562.8 nm and 1 565.0 nm, respectively.
The inset of Fig.5 shows the eye diagram of Copy1.
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Fig.5 The output spectra of block A (The inset shows
the eye diagram of Copy1.)

The 10 GHz original sampling pulse train and the cor-
responding linearly chirped ones are shown in Fig.6(a). It
is evident that the original pulses are efficiently broad-
ened in time domain after the SSMF. The FWHM of the
linearly chirped pulse is 50 ps, which is about 10 times
larger than that of the original pulse. The spectra of the
output pulses after HNLF2 are shown in Fig.6(b). The
spectral widths of idlers are obviously wider than those
of copies, which agrees with our theoretical analysis
shown in Fig.2(b).
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Fig.6 (a) 10 GHz original sampling pulse train and the
corresponding linearly chirped sampling pulse train;
(b) The spectra of the output pulses after HNLF2

The idlers are filtered by the AWG at 8 wavelengths
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with bandwidth of 0.2 nm. The parameters are accurately
configured to ensure the same time interval between 8
sampling points. The wavelengths and corresponding
OSNRs are shown in Tab.1. The gain ripples of copies
and the irregular shape of sampling pulses are
responsible for the variation of OSNR shown in Tab.1.
After AWG, the extracted sampling points are shown in
Fig.7(a), which makes good agreement with the orignal
signal shown in Fig.7(b).

Tab.1 Wavelengths and corresponding OSNRs for 8
sample points
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real-time sampling by combining multicast parametric
process and linearly chirped sampling pulses to improve
the equivalent sampling rate. Simulation results show
that a sampling rate of 80 Gbit/s is realized by using only
one 10 GHz sampling source. The proposed scheme has
good potential in high-speed optical sampling.
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