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Standard-Compliant Jitter Transfer Function of
All-Optical Clock Recovery at 40 GHz Based on a
Quantum-Dot Self-Pulsating Semiconductor Laser

J. Renaudier, B. Lavigne, F. Lelarge, M. Jourdran, B. Dagens, O. Legouezigou, P. Gallion, and G.-H. Duan

Abstract—This letter reports on all-optical clock recovery over
40-Gb/s signal using a quantum-dot (QD)-based self-pulsating
(SP) laser. In particular, the jitter transfer function from the input
signal to the recovered clock is measured for the first time. We
clearly demonstrate that, thanks to the narrow spectral linewidth
of the free-running SP signal, the QD-based laser allows the
suppression of high frequency jitter, and the cutoff frequency is
exactly that required by the ITU-T recommendation G825.1 at
40 GHz.

Index Terms—Clock recovery, self-pulsation, semiconductor
lasers.

I. INTRODUCTION

I N ORDER to improve transmission distance, capacity, and
speed of optical networks, much attention has been paid to

investigate a practical means for all-optical signal processing,
such as all-optical digital logic functions or 3R regenerators
[1], [2]. One solution to achieve the regeneration is the com-
bination of a Mach–Zehnder interferometer with an all-optical
clock recovery [2], [3]. Among the different approaches inves-
tigated so far to accomplish all-optical clock recovery, self-pul-
sating (SP) semiconductor lasers are attractive structures be-
cause they are expected to synchronize their own SP frequency
to the clock component of a return-to-zero (RZ) incoming data
signal [4]. Unlike RZ data, nonreturn-to-zero (NRZ) data do not
contain any clock component. However, preprocessing methods
have been developed to extract optically a clock component
from NRZ data [5], [6] allowing the use of SP lasers for all-op-
tical clock recovery. In this respect, SP semiconductor lasers
based on bulk or quantum-well structures have shown inter-
esting results at high bit rates [7]–[10]. Nevertheless, little in-
formation has been given on the jitter characteristics of the re-
covered clocks. The compliance of the jitter filtering functions
with ITU-T standards for clock recovery schemes is mandatory
for practical applications of all-optical clock recovery.

Recently, SP laser diodes based on quantum-dot (QD) struc-
tures are attracting much attention as they provide RF oscilla-
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tors with fast carrier dynamics and much better spectral purity
[11], [12]. Such properties are of great interest for the realiza-
tion of all-optical clock recoveries with an efficient jitter fil-
tering function. In this letter, we report phase noise (PN) mea-
surements on a 40-GHz clock recovery made on an SP QD
Fabry–Pérot (FP) laser. We demonstrate for the first time to our
knowledge, that such a QD-based laser enables a high frequency
jitter suppression that meets the ITU-T recommendation G825.1
requirements thanks to its intrinsic narrow free running spectral
linewidth, as compared with lasers made on bulk or quantum
wells.

II. COMPONENT AND SETUP DESCRIPTIONS

The SP laser under study is an FP-type semiconductor laser,
with a buried ridge structure and a QD-based active layer on
InP (100) substrate. More precisely, the active core is made with
six layers of InAs QD enclosed within 40-nm-thick barriers and
two 40-nm-thick separate confinement heterostructure (SCH)
layers m . The density of dots per QD layer is
about cm , and the typical thickness and width of QDs
are 2.3 nm and 20–40 nm (see [13] for details). The studied
component is a 1080- m-long FP laser with both facets cleaved.
It is worth noting here that the cavity structure should not have
any impact on the clock recovery performance in terms of jitter
characteristics. The QD-FP laser has a central lasing wavelength
around 1500 nm and self-pulsates around 39.4 GHz with a free
running spectral linewidth measured around 20 kHz with the
help of an electrical spectrum analyzer after photodetection.

We display in Fig. 1 the experimental setup used to test this
component in a 40-GHz optical clock recovery scheme. In order
to control the amount of jitter of the incoming data signal at
40 Gb/s, a pattern generator is synchronized by a 10-GHz ex-
ternal clock provided by a synthetizer, the jitter of which is mon-
itored by a white noise generator in the range 10 kHz–1 GHz,
provided by a Europtest jitter analyzer. Thus, the pattern gen-
erator provides both a clock signal at 10 GHz and a pseudo-
random sequence (PRBS) at 10 Gb/s, the amounts of jitter of
which can be modified. The two signals delivered by the pat-
tern generator drive, respectively, a gain-switched laser (lasing
at 1552 nm) and a LiNbO modulator. The modulated signal is
then launched into an optical time-division multiplexer (OTDM)
that delivers the 40-Gb/s signal. When no PRBS data drive the
external modulator, OTDM delivers a 40-GHz optical clock that
will be considered later on as the reference clock (ref-ck). A
polarization controller is added due to the polarization sensi-
tivity of the QD active layer of the FP laser. The recovered
clock signal is then amplified by a semiconductor optical am-
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Fig. 1. Experimental setup for clock recovery at 39.4 GHz.

Fig. 2. (a) Eye diagram of the incoming unjittered 2 �1 OTDM signal, and
(b) the corresponding recovered clock. The temporal scale is 10 ps/div.

plifier and filtered by a 4-nm bandwidth optical filter before
being analyzed either on a sampling scope or on a jitter ana-
lyzer. The jitter analyzer provides PN spectra from which we
deduce with high accuracy the root-mean-square (rms) jitter in
the bandwidth 100 Hz–500 MHz. In this study, the QD-FP laser
is biased with a dc current of 210 mA and locked at 39.4 GHz.
Besides, a launched optical power of 8 dBm is required partly
due to the high coupling loss of the chip test-bench and also
because the input signal wavelength is rather far from the gain
spectrum of the QD-FP laser. With a reduced detuning between
the gain peak and the input signal wavelength, one can expect to
decrease the injection power below 3 dBm. For 8 dBm of input
power, we measure a locking bandwidth of 6 MHz, which is re-
lated to the narrow free running spectral linewidth of some tens
of kilohertz [12], [14]. In comparison, the spectral linewidth is
typically in the range of several hundreds of kilohertz and sev-
eral megahertz with quantum wells [15] and bulk, respectively
[16].

III. QD-LASER-BASED OPTICAL CLOCK RECOVERY

A. Locking on Unjittered OTDM Signal

As first evaluation, we analyzed the quality of the recovered
clock emitted at 1500 nm by the QD-FP laser with respect to the
PRBS length of the incoming OTDM signal without any addi-
tion of jitter. As an example, Fig. 2(a) shows a temporal trace
recorded when using a PRBS as incoming signal. As may
be seen on Fig. 2(b), we observe a high-quality recovered clock
signal with sinus shape and high extinction ratio (estimated to
exceed 13 dB). To get more information on the jitter character-
istics of this clock recovery scheme, we have measured the PN
spectra of the recovered clocks obtained with different PRBS
lengths of the incoming OTDM signal. Fig. 3 displays PN curves

Fig. 3. PN measurements performed on the unjittered reference clock (lower
curve) and on the QD-FP laser recovered clocks.

Fig. 4. (a) Eye diagram of the incoming jittered 2 � 1 OTDM signal, and
(b) the corresponding recovered clock. The temporal scale is 10 ps/div.

recorded with a PRBS length varying from to . As
a reference curve, the PN curve of the reference clock (ref-ck)
is also reported. Spurious spikes appearing on QD-FP laser PN
curves for frequencies higher than 50 MHz originate from PRBS
contributions . QD-FP laser PN curves can be split up
into three regions as described in [17]. In the frequency region
below 60 kHz (A), the noise is dominated by the incoming signal
and the clock recovery is fully transparent, i.e., there is no jitter
filtering effect. Conversely, for frequencies higher than 4 MHz
(Region C), we observe a clear demonstration of a jitter filtering
effect with a slope ( 20 dB/decade): the noise is then de-
termined by the QD-FP laser. The frequency range extending
from 60 kHz to 4 MHz (Region B) corresponds to the transition
region where the noises from the incoming signal and the laser
itself contribute both. The calculated rms jitter varies from 0.16
(ref-ck) to 0.198 ps (with OTDM ). Moreover, there is no
difference on the laser PN spectra whatever the ODTM PRBS
length, attesting of the quality of the recovered clocks.

B. Locking on Jittered OTDM Signal

The jitter removal can be more clearly demonstrated by
now injecting a jittered signal into the QD-FP laser. In this
respect, we use the white noise generator to add jitter to the
reference clock, and consequently, to the incoming OTDM
signal. Fig. 4(a) and (b) gives, respectively, the eye diagram
of the incoming jittered OTDM signal, and the cor-
responding recovered clock from the QD-FP laser, showing a
drastic decrease of the time jitter. Again, to get more insight to
this phenomenon, Fig. 5 shows the measured PN spectra of the
recovered clocks obtained with different PRBS lengths of the
jittered incoming OTDM signal, as well as the PN spectrum
of the corresponding jittered reference clock. The comparison
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Fig. 5. PN measurements performed on the jittered reference clock (upper
curve) and on the QD-FP laser recovered clocks.

Fig. 6. Measured JTF and comparison with ITU-T G825.1 template.

between the PN spectra of the recovered clock with that of the
jittered reference clock clearly explains the drastic decrease of
time jitter observed on the sampling scope through the filtering
effect operated by the QD-FP laser. Hence, the calculation of
the rms jitter from the PN measurements shows a reduction
from 1.37 ps for the input to 0.31 ps for the recovered clock in
the worst case (PRBS of ). These results undoubtedly
demonstrate the efficiency of high-frequency jitter suppression
operated by the QD-FP laser, whatever the OTDM PRBS
length.

IV. JITTER TRANSFER FUNCTION

As another clear illustration of the jitter removal, we report
for the first time to our knowledge the jitter transfer function
(JTF) of an all-optical clock recovery. This curve in decibels,
given by Fig. 6, is obtained from Fig. 5 by simply subtracting
the PN spectrum of the jittered reference clock to the one of the
QD-FP laser when the incoming signal is the jittered reference
clock itself. The JTF template expected from ITU-T recommen-
dation G825.21 for clock recovery schemes is also plotted on
this figure. As one can see, we obtain a very good agreement be-
tween the measured JTF from the QD-FP laser and the JTF tem-
plate expected from ITU-T recommendation G825.21. It is to be
noticed that, currently, such a JTF can only be achieved with a
QD laser thanks to its narrow free running spectral linewidth.

V. CONCLUSION

We have shown in this letter an all-optical clock recovery over
40-Gb/s signal based on a QD-FP SP laser. From PN measure-
ments, we clearly demonstrate that the QD-based laser realizes
a high-frequency jitter suppression, as expected from a clock
recovery. In addition, we present for the first time to our knowl-
edge a JTF measured on an all-optical device, and its very good
agreement with the ITU-T recommendation G825.1, showing
the potential of this all-optical device to meet the requirements
defined for electronic devices. Such a result constitutes a new
step toward practical applications of SP semiconductor lasers
for all-optical clock recovery at 40 GHz.
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