UNIVERSITY OF LEEDS

This is a repository copy of Fully Phase Stabilized Quantum Cascade Laser Frequency
Comb.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/153856/

Version: Accepted Version

Proceedings Paper:

Bartalini, S, Consolino, L, Nafa, M et al. (8 more authors) (2019) Fully Phase Stabilized
Quantum Cascade Laser Frequency Comb. In: 2019 Conference on Lasers and
Electro-Optics Europe and European Quantum Electronics Conference,
CLEO/Europe-EQEC 2019. Lasers and Electro-Optics Europe (CLEO EUROPE), 23-27
Jun 2019, Munich, Germany. IEEE . ISBN 9781728104690

https://doi.org/10.1109/CLEOE-EQEC.2019.8871850

© 2019 IEEE. Personal use of this material is permitted. Permission from IEEE must be
obtained for all other uses, in any current or future media, including reprinting/republishing
this material for advertising or promotional purposes, creating new collective works, for
resale or redistribution to servers or lists, or reuse of any copyrighted component of this
work in other works.

Reuse

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of
the full text version. This is indicated by the licence information on the White Rose Research Online record
for the item.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Fully Phase Stabilized Quantum Cascade Laser Frequency Comb

Saverio Bartalini**, Luigi Consolino’, Malik Nafa', Francesco Cappelli', Katia Garrasi’, Francesco P.
Mezzapesa®, Miriam S. Vitiello?, Lianhe Li%, A. Giles Davies®, Edmund H. Linfield®, Paolo De Natale'*

1. CNR-Istituto Nazionale di Ottica and LENS, Via N. Carrara 1, 50019 Sesto Fiorentino (FI), Italy
2. NEST, CNR - Istituto Nanoscienze and Scuola Normale Superiore, Piazza S. Silvestro 12, 56127, Pisa, Italy
3. School of Electronic and Electrical Engineering, University of Leeds, Leeds LS2 9JT, UK
4. ppqSense S.r.l., Via Gattinella 20, 50013 Campi Bisenzio (FI), Italy

The road towards the realization of quantum cascade laser (QCL) frequency combs [1,2] has undoubtedly
attracted ubiquitous attention from the scientific community. These devices promise to deliver an all-in-one (i.e.
a single, miniature, active device) frequency comb synthesizer in a range as wide as the QCL spectral coverage
itself (from about 4 microns to the THz range), with the unique possibility to tailor their spectral emission by
band structure engineering. For these reasons, vigorous efforts have been spent to characterize the emission of
four-wave-mixing (FWM) multi-frequency QCLs, aiming to seize their comb-like mode-locked operation [3-6].

Nevertheless, in order to classify these devices as frequency combs, it is essential to show that their optical
output is described by parameters that one can measure and, more important, control. Here, in analogy with the
decisive turning point that transformed mode-locked pulsed lasers into the revolutionizing tool called frequency
comb, we present the full phase-stabilization and independent control of the two comb degrees of freedom of a
mode-locked multi-frequency QCL [7]. In this way we unleash its full metrological-grade potential, and
definitely prove the realization of the first QCL frequency comb. Fig. 1 shows the optical beating generated by
mixing a fully stabilized THz QCL comb with a reference frequency comb, generated by optical rectification.
The obtained multi-heterodyne spectrum shows ultra-narrow beatnotes (limited by the 0.5 Hz resolution
bandwidth of the spectrum analyzer).
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Fig. 1 Spectrum of the multi-heterodyne signal obtained by mixing an optically-rectified THz frequency comb and the fully

stabilized QCL comb. The beat-notes are limited by the instrumental resolution bandwidth (0.5 Hz).

The full-phase-stabilization of the QCL comb emission against the atomic clock frequency standard is
achieved by independently and simultaneously controlling the two comb degrees of freedom (frequency offset
and modes spacing), and allows for the simultaneous measurement of the THz absolute frequencies with a 6 Hz
accuracy. Moreover, by measuring the modes phases, we retrieve the electric field and the temporal emission
profile of the phase-locked QCL, showing a reproducibility over different days. Finally, we perform a correlation
analysis on the modes phases, unveiling a residual collective phase noise that confirms the FWM mode-locking
mechanism.
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