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Abstract

High speed all-optical clock recovery from 64Gbit/s RZ-format PRBS data by using a

two-section index-coupled distributed feedback (DFB) laser is simulated and demonstrated. The

performance of it such as timing jitter, lockup time, locking range are described and analyzed in

detail.
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0 Introduction

Future optical networks are expected to
employ not only optical transmission but also some
level of optical signal processing. Because an
optical clock is needed for triggering the signal
processing functions, the all-optical clock recovery
circuit is a critical component in high speed digital
optical communication systems.

All-optical  clock
demonstrated using actively mode-locked fiber

lasers™ .

lasers®, self-pulsation in multi-section gain-

coupled”* /index-coupled”® DFB laser diodes. Of
techniques, DFB

interest

recovery  has been

passively mode-locked semiconductor

the various lasers are of

significant because they have such
advantages as compactness, high speed, and wide-
locking range.

The clock recovery using DFB lasers is based
on self-pulsation and injection locking in DFB
lasers. In this paper,the capability of a two-section
index-coupled DFB in all-optical clock recovery by
and describe the

using numerical simulation

performance will be studied in detail.

1 Setups of the simulation system

The clock recovery 1is simulated using a
commercial software by Virtual Photonics. In this
simulation platform, the laser is modeled based on

Optical clock recovery; Self pulsation; Distributed feedback (DFB) laser; Injection

A

the transmission-line laser model (TLLM), which
is a dynamic, multimode, time-domain model that
is able to simulate the dynamic and static spectra
and power characteristics of many types of laser.

The DFB laser comprises an optical grating
along the optical waveguide which provides a
strong optical feedback into the center of the cavity
at certain wavelengths. The TLLM is easily
modified to include such feedback by adding
impedance mismatches along the model. An easy
way to think of the model is alternate low- and
high-impedance transmission-line sections"® .

At the boundaries between the lines there will
be coupling between the forward and backward
waves due to the impedance mismatches, which
can be represented by a simple modification to the
connection matrix and the scattering matrix. This
coupling is direct analog to that in the DFB laser,
and so accurate simulation is possiblet®.

The simulation system consists of a TS-DFB
clock recovery module, a PRBS generator and a
transmission module.

The TS-DFB simulation module is composed
by two identical index-coupled DFB laser with
uniform grating. Each section is with a length of 400 pm,
and biased at, respectively, 56 mA and 87.5 mA.
Their | kL | equal to 2 both. Table. 1 gives other

. i . . .
parameter and its value used in simulation.

Table. 1 Values of the parameters used in simulation

Material differential gain 3.0e-20 m’  Material linewidth enhancement factor 4. 86
Confinement factor 0. 35 Transparency carrier density 1.5e+24 1/m’
Initial carrier density 2. 14e+24 1/m’ Thickness of the active layer 0.18e-6 m
Width of the active layer 3.5e-6 m Auger recombination coefficient 3e-41 m’/s
Group effective index 3.7 Bimolecular recombination coefficient le-16 m’/s

The 64 Gbit/s RZ PRBS signal is generated by
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following steps: the 16 Gbit/s RZ PRBS electronic
signal is modulated onto optical pulses at a 16 GHz
repetition rate via a MZI modulator; this optical

signal is then injected into a two-stage optical time-



1394 i F

¥ M 34 %

division multiplexer to generate the 64 Gbit/s RZ
PRBS optical signal. In multiplexer, we setr; equal
to 31 ps and ¢, equal to 16ps to simulate the timing
jitter produced by a real time-division multiplexer.

This PRBS signal will be launched into a
transmission module before being injected into TS-
DFB module, shown as Fig. 1. The SMF have a

attenuation of 0.2 e - 3 dB / m , a dispersion of
160. 0e-6 s/m”, a dispersion slope of 0. 08 s/m* and
a nonlinear index of 2. 6e + 20 m?/W. The DCF
have a attenuation of 0. 6e-3 dB/m, a dispersion of
—90. 0e-6 s/m”, a dispersion slope of 0. 21 s/m’
and a nonlinear index of 4. 0e+20 m?*/W.
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Fig.1 Fabric of the transmission module

2 Simulation testing and analysis

2.1 Self-Pulsation

Fig. 2, Fig. 3 show the optical spectrum and
the RF spectrum of the laser’' s output in free-
running state respectively. We can get a sight of
two laser mode in Fig. 2. Their frequency detuning
is 65. 625 GHz, and equals to the self-pulsation
frequency measured from Fig. 3, which confirms

the mechanism of beating type self-pulsationt’.
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Fig. 2 Optical spectrum of the free-running state
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Fig.3 RF spectrum of the free-running state
The frequency of self-pulsation can be

controlled by changing the dc bias of each DFB
section. We get the SP frequency of 30 GHz~ 75 GHz
by adjusting I, while fixing I, at 87. 5 mA.

2.2 Injection locking & clock recovery

We set the RZ PRBS signal at 1553. 15 nm,
which corresponds to the second laser mode of the
DFB. In this situation, the DFB will work on the
coherent injection locking mode™™. The average
power of signal after the transmission module

measures — 6. 26 dBm. Fig. 4, Fig. 5 show the

RF spectrum and power waveform of the laser’s
output in locking state.
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Fig. 4 RF spectrum of the recovered clock
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Fig. 5 Power waveform of the recovered clock

By comparing Fig. 3 and Fig. 4 one can see
the injection locking clearly: the self- pulsation
peak shifts from 65. 525 GHz to 64 GHz which is
the clock frequency of the injection signal.
Meanwhile, the linewidth (FWHM) of the RF
signal becomes very narrow.

The recovered clock signal we get at the
output of the laser has a pulse width (FWHM) of
averaged 8. 75 ps, a carrier-to-noise ratio of 37 dB
with 8. 6 dB extinction ratio.

2.3 Locking range

If the frequency detuning of the self-pulsation

the clock

frequency of signal is too large, injection locking

frequency in free-running state and
cannot take place. The locking range AQ, is the
maximum detuning permitted for clock recovery,
given by"

| Py |
| Py |

where | P¥*| is the average output power of laser

A= (i =20 max =k (D
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in locked state, | P,, | is the average injected power.
From Eq. 4,

locking range and the injected power can be found.

a direct proportion between the

The locking range under different injection
power is investigated and plotted in Fig. 6, in
which circles represent the simulation results and
the line the fitted curve, the central frequency is
65. 625 GHz which is the self-pulsation frequency
in the free-running state. A linear relation, which
corresponds to Eq. 4, is observed from Fig. 6 and
we can see the lager the injected power, the wider
the locking range. But we also find that the output
pulses are distorted when the injected power is too
strong (about 3 mW in this simulation module). It
is because of the strong modulation effect in carrier

density caused by strong injection power.
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Fig. 6
2.4 Lockup time

Locking range as a function of the injected power

Lockup time is defined as the time interval
between the application of the injection signal and
the synchronization of the laser. And the system
latency will be affected by this parameter.

To investigating the lockup time, the PRBS
generator is modified to generate a short series of
“1”s (50 bits) followed by a long series of “0”s
(500 bits) alternately. By analyzing the waveform
of the output pulses, we find that the output
pulses will stably synchronize to the clock signal of
the input data after about 12 b, which is 187. 5 ps,
with —6. 26 dBm injection power.
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Fig. 7 The relationship between lockup time and the
injection power
We also investigate the relationship between

the lockup time and the injection power by

changing the power of the injection signal. We find
that the time needed to lockup decreases with an
increase of the injected power (Fig. 7), but it will
keep a constant when the power of the injected
signal reaches a threshold.
2.5 Timing jitter
By investigating the timing jitter of the
transmitted signal and the recovered clock, we can
evaluate the stability of the clock recovery system.
From the eye diagram (Fig. 8 and Fig. 9), we
estimate that the timing jitter of the transmitted
signal (¢, ) is 4ps and the timing jitter of the
recovered clock (g..) is less than 1 ps.
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Fig. 8 Eye diagram of the transmitted PRBS signal
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Fig.9 Eye diagram of the recovered clock pulses

Because the timing jitter measurements
directly from the eye diagram are not always
reliable, we also calculate the timing jitter from
phase-noise measurement. The RMS timing jitter

can expressed byt

__ L |p. AS
o, 5an /N p. RB (2)

where n is the harmonic number (here, n=1) ,and
RB is the resolution bandwidth of the RF spectrum
analyzer,and p, and p, are the power of the nth

harmonics and the maximum of the phase noise
centered on the harmonics, and Af is the noise
bandwidth ( FWHM ), and f is the clock
frequency.
These parameters, shown in Table. 2, are
measured at the RF spectrum.
Table. 2 Parameters for computing RMS timing Jitter

P/ ba RB Af
Transmitted signal 26 dB 100 kHz 74.4 MHz
Recovered clock 38 dB 50 kHz 11.55 MHz

The computed timing jitter are:o. = 3. 4 ps
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and 6..=0. 475 ps respectively, a little smaller than
that measured from eye diagram.
2.6 Pattern effect

Finally, the pattern effect in this clock
recovery module is studied by inject four different
length of PRBS signals namely 27-1, 2"°-1, 2%°-1,
2%1-1 into the DFB laser, which average power are -
6. 26dBm. The timing jitter, CNR, extinction
ratio and power waveform of the output clock
pulses of each situation are tested and compared,
and we find that they coincide with each other well
i. e. the clock recovery module consists of the two-
section index-coupled DFB laser has few pattern
effect.

3 Conclusion

A two-section index-coupled DFB laser
emulational model is fabricated and its capability
for all-optical clock recovery from 64Gbit/s RZ-
format PRBS signal is investigated by using
numerical simulation. The performance such as
timing jitter, lockup time, locking range are
analyzed in detail. By optimizing parameters of the
laser, the recovered clock pulses have a RMS
timing jitter of 0. 475 ps(~3%), a extinction ratio
of 8. 6 dB and a carrier-to-noise ratio of 38 dBm
with — 6. 26 dBm which
demonstrated the high quality of this clock
recovery module. Values of parameters obtained in

further

injection power,

simulation are wuseful for practical

investigation.
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