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Abstract: We demonstrate that quantum-dash mode-locked leaar perform all optical
frequency down-conversion clock recovery up to &%z. We measured 0.3 dB penalty on the
optical recovered clock for 170 Gbit/s signal.
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1. Introduction

Ultrahigh-speed clock recovery is a key function fisture optical communications. Optical transmosssystems
for use up to 160 Gbit/s require complex arrangémém recover the clock needed for the optical tioenain

signal demultiplexing of these signals. Mode-loclsemniconductor lasers have been employed for sthérac

optical clock recovery (OCR) and particularly faetrecovery of a 40 GHz clock from a 160 Gbit/saddteam [1].
In a recent work [2], a similar Quantum dash Fabeyot mode locked laser diode (QD-FP-MLLD) simiiarthe

one studied in this paper is used for the all @ptadock recovery operation. Such a laser, exhigitin extremely
narrow mode-beating spectral linewidth, has presliypbeen shown to be able to recover an opticakohaith jitter

performances compatible with ITU G285-1 recommeindatfor 40 GHz clock recovery.

In the present paper, we demonstrate for the tfiret that a QD-FP-MLLD can also be used as anptical
frequency down-conversion clock recovery (AO-FDQR)to 425 GHz, corresponding to 10 times the répati
rate of the laser. The quality of the optical clogks assessed through bit error rate (BER) measmtsiin a first
step, an experiment demonstrates the capabilifyegfuency down-conversion clock synchronizationhvatrate-
tunable pulsed source from 42.5 GHz to 425 GHzalkinthe AO-FDCR is characterized in system experit up
to 170 Ghit/s.

2. All optical clock frequency down-conversion

In this part, we first investigate the ability dfet QD-FP-MLLD to generate a 42.5 GHz clock from>#4R.5 GHz
incident pulse stream. The experimental setupasvehin Fig. 1(a). The rate-tunable pulsed souemtien consists
of a first QD-FP-MLLD and of a programmable shapiaal filter [3,4].We take advantage of the laflat gain
and broadband emission spectrum (13 nm width atB)Oin order to select with the programmable shapigcal
filter three lines that generate the desired Nx42¥% pulse stream. The laser is actively mode-lddkenks to a
standard RZ 33% 42.5 GHz optical clock signal gategl at 1535 nm by a Mach-Zehnder intensity modulat
(Mz1). Fig.1(b) shows the optical spectrum and tenap shape of the generated pulse stream for ftthfesrent
frequencies. These traces were obtained thanka tptical sampling oscilloscope with a time resolutof one
picosecond.

The all optical clock frequency down-converter detssof a second QD-FP-MLLD with a peak emission
wavelength around 1570 nm followed by an opticiifito eliminate the residual Nx42.5 GHz pulseatn. By
adjusting the current and temperature of the lakerrepetition frequency can be tuned close t6 &Hz. When
the Nx42.5 GHz pulse stream is injected insideldBer cavity, we obtain a 42.5 GHz recovered cktck570 nm.
A polarization controller at the AO-FDCR input alls the mode—locking efficiency of the QD-FP-MLLD be
optimized.

In order to assess the all optical down-conversidreme, the laser output is then modulated at@Ris by a
MZI. An optical delay line (ODL), placed before thodulator, provides a fine tuning of the clockadphase. The
modulator output is directed to an optical recefeerBER measurements which allow to check whetherdown-
converted recovery clock is correctly locked. Ifeef, if this were not the case, the BER penaltyldde infinity.
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a) Experimental setup b) Optical spectrum and temporal shape of generated clock

Fig.1. Experimental setup and generated clock for thiterent frequencies: 42.5 GHz; 170 GHz and 425 GHz

The frequency of the optical signals generatedHisrexperiment can change from 42.5 GHz to 425 @&hien
three main lines of the spectrum are selected éYfilter as shown in Fig.2. Contrary to the optitede-division
multiplexing technique based on interleaving pulséh couplers and delay lines to multiply the réten rate of
the original pulsed source, the optical spectrumoof multi-rate source has no residual spuriousctsgle
components at the fundamental clock frequency spaof the first QD-FP-MLLD. These spurious lines ar
suppressed by more than 40 dB. They are too weakuse a sub-harmonic synchronisation of the AORRTC
the original clock frequency.

Figure 2 shows the BER measurements versus thiveedeput power when a signal with the Nx42.5 GHz
pulse stream enters the AO-FDCR. The reference 8ERe is obtained by directly connecting the puidgeam
generator output tuned at 42.5 GHz to the optitaikcanalyser block. We can observe that the AO-RD€able
to lock in the same condition for any frequencynsigbetween 42.5 and 425 GHz and that there isenalty for
BER less than 19
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Fig.2. BER results for different frequencies of the traission optical signal

3. All optical frequency down-conversion clock recovery

This part is devoted to the down-conversion claatorvery performance of the AO-FDCR when an Nx4208/6
data stream is injected into it. In this experim@ig. 3), the first QD-MLLD generates a pulse atreat 42.5 GHz
with a full width at half maximum of pulses of 1@s. Then, the pulse stream is modulated throughZad M
modulator at 42.5 Gbit/s with d-2 or 2°-1 pseudo-random binary sequence (PRBS). A bitsmatkiplier (BRM)
finally multiplexes four delayed versions of thgrl to provide a 170 Gbit/s data stream.

The output of the BRM is injected into the AO-FDGRich output at 42.5 GHz is connected to our presiy
described optical clock analyzer set-up.
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Figure 4 shows the BER results for both 42.5 Glfitithout BRM) and 170 Gbit/s cases. We can seenalty
of only 0.3 dB in comparison with results obtairiadsection 2 with a pulse stream without PRBS maiiloih.
Moreover, no penalty is observed when the bit odidata stream is switched from 42.5 to 170 Gbit/s.
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Fig.4. (a) BER results with data stream at 170 Gbit/s

5. Conclusion

In this paper we demonstrate that a QD-FP-MLLD ganform all optical frequency down-conversion clock
recovery. We have shown that the AO-FDCR is ablled¢k in the same condition for any frequency puseam
between 42.5 and 425 GHz. The quality of the re@elock is analysed by BER measurement: no peilt
observed for BER less than &(Finally, we have measured a slight penalty ofdB3when a data stream at 170
Ghit/s is injected into the AO-FDCR. These resshew the potential of QD-FP-MLLDs to perform botloak
recovery and frequency down-conversion functionB®-EP-MLLDs could be key components for future 400
Gigabit Ethernet network.
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