Generation of compressed optical pulses beyond 1&6Hz
based on two injection-locked CWasers
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Abstract: Two CW signals separated by either 160GHz or 200 &xd phase locked to each other
and combined together forming a highly stable pliseed for a nonlinear compressor based on
four-wave mixing in fibre.
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1. Introduction

High repetition rate optical pulse generators aterésting in many fields including telecommunicas,
THz generation, and metrology. The best candidatedélivering low amplitude/phase noise pulsesigh h
repetition rates (100 GHz and over) are frequenalylized harmonically mode-locked lasers [1]. Huer
they require complicated control and/or suffer frimited frequency tunability. Another possibilifg the
filtering of highly-stable low repetition rate opdél combs with, e.g., Fabry-Perot etalons [2]. T$iheme,
however, requires highly precise control of ultghhfinesse etalons and suffers from low energéficiency.

Here, we propose and experimentally demonstratewasimple technique that promises a similar level o
low amplitude/phase noise to those described atitheut suffering from low energy efficiency. It islased on
stable injection locking of two semiconductor Ias@writh a frequency separation corresponding tadheired
repetition rate) to an optical comb, then simularsty performing narrow-bandwidth filtering and
amplification. The two phase-locked lasers are twanbined together, amplified and coupled intogilyi non-
linear fiber to generate additional spectral congmi® via four-wave mixing (FWM). This process, whic
inherently preserves the phase information, enscoéerent and low-noise spectral broadening araivall
temporal pulse compression when properly dispers@mpensated (e.g. by propagation in a standaglesin
mode fiber).

2. Experimental Setup and Results

A 1555.4-nm fiber Fabry-Perot laser (Rock, NPhateniith a 3-dB linewidth below 10 kHz) was fed oat@0-
GHz spaced optical frequency comb generator (OFQy@3oComb Inc.), which is based on the resonanfrdyiv
of a phase modulator placed inside a high-finesabryPerot cavity thereby allowing broadband comb
generation (over several THz) [3]. The comb was tt@upled into two discrete mode semiconductorr$agy,
operating at different wavelengths, via a circii@od a 100-GHz arrayed waveguide grating (AWG&3,5g.1,

so as to injection-lock the two sources to theirset comb lines, and consequently phase-lock together.
The narrow-bandwidth of the AWG channels was berafin improving the optical signal to noise ratio
(OSNR) of the two phase-locked beams to the >70edBl, see Fig. 2. The two combined phase-locked CW
signals, with a power level of 3 dBm per channadrevthen amplified up to about 30 dBm and laundhtra
2-m-long highly nonlinear bismuth oxide fiber (BER — Asahi Glass Co.). Its nonlinear coefficierispersion,
dispersion slope and loss at 1550 nm are: 110V, -260 ps/nm-km, 0.95 ps/Atkm and 0.9 dB/m
respectively. Both ends of the Bi-NLF are splicedtstandard telecom single mode fiber (SMF-28) wijilice
losses of ~3 dB each.
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Figure 1: Experimental setup, CW: continuous wa&ie EDFA: high power erbium doped fibre amplifierSO: optical sampling oscilloscope,
OSA: optical spectrum analyzer.




The signal in the time and spectral domains aedifft points along the system are shown in Figan@® 3,
respectively, when the frequency spacing betweernwio injection-locked lasers was 160 GHz and 26x,G
respectively. The frequency spacing was contrdiled 0-GHz steps) by varying the operational terapee of
the injected lasers. In practice, significantlyrt@g frequency spacing could be achieved by a propeice of
the two CW laser wavelengths. The temporal wavefaas measured using an optical sampling oscillescop
(EXFO Inc.), which was electrically triggered bgt®FCG. The temporal intensity profile of the teambined
CW lasers corresponds to a sine wave with a répetiate of 160/200GHz with pulses of a full widdhhalf
maximum (FWHM) corresponding to half of the sigpatiod (~3 ps). The signal was then launched meoBi-
NLF to generate new spectral components via FWN, Big. 2, and, due to the normal dispersion they
temporally broadened to 4.5 ps (160 GHz) and 3.208 GHz) at the output of the Bi-NLF, see FigA¥ew
tens of meters of SMF-28 with dispersion of 17 pskm were sufficient to compress the pulses dowh&gs
(160 GHz) and 1.5 ps (200 GHz) respectively, sep Bj corresponding to a compression factor ofahd
yielding pulses with a time-bandwidth product of4®in both cases. Note that the compression factold be
further improved by increasing the launched power the Bi-NLF or using a better optimised nonlinfiare.
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Figure 3 Measured (dotted line) and simulated (eldsimes) temporal traces at 160GHz (top line) 20@GHz (bottom line) spacing at various

4. Conclusions
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Figure 2 Spectral traces at 160GHz and 200GHz sgatithe input/output of the system.
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points of the system. OSO temporal resolution 800fs

We generated short high quality, ultra-high repetitrate pulses formed by two phase locked CW $aserd
nonlinearly compressed in a 2m-long bismuth oxideerf followed by a dispersive element. Although yonl
repetition rates up to 200 GHz were experimentadéisnonstrated, higher values of up to 3 THz cannvésaged
simply by using CW lasers of a broader frequen@gcspy in the injection-locking process.
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