Liu, Y., Hung, Y., Zhang, R., Wang, J., Wang, B., Hou, B., Marsh, J. H.
and Hou, L. (2020) Coherent Frequency Comb with 100 GHz Spacing
Generated by an Asymmetric MQW Mode-Locked Laser. In: CLEO 2020,
San Jose, CA, USA, 10-15 May 2020, ISBN 9781943580767
(doi:10.1364/CLEO_SI.2020.STh3E.7).
This is the author’s final accepted version.
There may be differences between this version and the published version.
You are advised to consult the publisher’s version if you wish to cite from
it.
http://eprints.gla.ac.uk/211151/

Deposited on: 26 February 2020

Enlighten – Research publications by members of the University of Glasgow
http://eprints.gla.ac.uk

Coherent Frequency Comb with 100 GHz Spacing
Generated by an Asymmetric MQW Mode-Locked Laser
Yihui Liu2, 3, Yongguang Huang2, 3, Ruikang Zhang2, 3, Jiankun Wang2, 3, Baojun Wang2, 3, Bin Hou1, John H.
Marsh1, Lianping Hou1, *
1
James Watt School of Engineering, University of Glasgow, Glasgow, G12 8QQ, UK
Key Laboratory of Semiconductor Materials Science, Institute of Semiconductors, Chinese Academy of Sciences, Beijing 100083, China
3
Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences, Beijing 100049, China
*Corresponding author: lianping.hou@glasgow.ac.uk

2

Abstract: A coherent frequency comb with a 100 GHz frequency spacing, −3 dB bandwidth of
8.05 nm and pulse width of 440 fs, was generated using an asymmetric multiple quantum well
mode locked laser.
OCIS codes: (140.4050) Mode-locked lasers; (140.5960) Semiconductor lasers; (060-1660) Coherent communications.

Integrated semiconductor mode locked laser diodes (SMLLDs) are compact and robust sources for generating
coherent frequency combs. Optical frequency combs as a source of multiple spectral lines have been used in a
variety of transmission system demonstrations, including long-reach systems with coherent detection, short-reach
systems with direct detection, and passive optical networks [1]. Normally quantum dot or quantum dash SMLLDs
have been used to produce coherent frequency combs, with the widest reported 3-dB bandwidth being as high as 16
nm [2]. However, 1.55 μm SMLLDs based on InAs–InP quantum-dot materials are still relatively immature and
suffer from lower modal gain and have wider reported pulse widths than those of 1.55 μm multiple quantum well
(MQW) SMLLDs. Corral et al. [3] reported an optical frequency comb generator that used a passively mode locked
MQW ring laser and Mach Zehnder interferometer to flatten the spectrum, but the output power was low (~2 mW),
the pulse width was wide (21.2 ps) and the −10-dB bandwidth was only 8.7 nm. Moskalenko et al. [4] reported a
coherent frequency comb with a bandwidth of 40 nm at −20 dB, again using a passively mode locked MQW ring
laser, however the optical spectrum was not flat with variations up to 20 dB, the 3-dB bandwidth was still narrow
(around 6 nm) and the fiber coupled optical average power was as low as 1 mW. Here we report an asymmetric
MQW (AMQW) SMLLD that incorporates quantum wells (QWs) of different thicknesses, maintaining the same
well and barrier compositions across the active region. QWs of different thicknesses and compositions generally
emit at different wavelengths; thus well designed AMQW lasers are suitable for broadband applications including
the production of coherent frequency combs with wider optical bandwidth.
Figure 1(a) shows an optical microscope picture of the 100 GHz repetition frequency SMLLD device. The length
of the entire cavity length is 432 μm. The length of the saturable absorption (SA) section is 10 µm, the gain section
is 412 µm and the isolation groove between the gain and SA sections is 10 μm. The fabrication processes were
similar to those described in [5] except that here a 2-μm-wide ridge waveguide was formed by etching 7-μm-wide
trenches alongside the ridge, as shown in Fig. 1(b). The wafer structure uses the AlGaInAs/InP material system and
is similar to that described in [5]. The only difference is that here the active region consists of three 8-nm, one 6-nm,
and two 5-nm-thick AlGaInAs compressively strained QWs separated by six 10-nm and one 5-nm tensile strained
barrier layers (Fig. 1(c)). The sample was cleaved into individual devices with both facets left as-cleaved; the
singulated lasers were mounted epilayer up on copper heat sinks and tested under CW conditions at 20 °C.
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Fig. 1. (a) Optical micrograph of SMLLD device used to produce coherent frequency comb with a 100 GHz spacing, (b) cross sectional
SEM micrograph of the waveguide, (c) AMQW bandgap structure.

The threshold current was 30 mA and the slope efficiency was 14.2% at 0 V SA reverse voltage (VSA). The
output power was 17 mW at a gain current of 150 mA. Pure mode locking could be achieved for a VSA range from
−1.1 V to −2.3 V and gain current from 30 mA to 150 mA. Typical trends associated with SMLLDs were observed,
with the pulse width shortening as the reverse voltage was increased and widening as the gain current was increased.
The shortest pulse width was obtained at a gain current of 100 mA and VSA= −2.0 V, with Fig. 2(a) showing the
optical spectrum under these conditions. The central wavelength is at 1610.0 nm and the −3 dB bandwidth is 8.05
nm, which covers 10 optical lines with a spacing of 0.868 nm (~100 GHz). The −20 dB bandwidth was 30 nm which
covers 34 optical lines of 100 GHz spacing. Fig. 2(b) shows the autocorrelation signal of an isolated pulse with a
pulse width of 0.68 ps (FWHM), which deconvolves to 0.44 ps pulse duration if a sech2 pulse shape is assumed. To
our knowledge, this 440 fs pulse width is the shortest ever reported from a 1.55-μm-range QW SMLLD. The
measured period of the emitted pulse train is 9.961 ps, which corresponds to a repetition rate of 100.4 GHz and is
consistent with the spectral line spacing 0.868 nm in Fig. 2(a). The time-bandwidth product of the pulse is equal to
0.41, which is somewhat larger than the transform limit (0.315) of a pulse with sech2 profile. The output average
power is 10.15 mW and peak power is 202 mW.
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Fig .2. (a) Measured optical spectrum of the pulse train, and (b) autocorrelation trace of an isolated pulse with the autocorrelation pulse train
shown inset for gain current of 100 mA and VSA= −2.0 V.

In conclusion, a coherent frequency comb with a 100 GHz line spacing based on an AMQW SMLLD has been
demonstrated. Device fabrication is straightforward using conventional photolithography. The widest −3 dB optical
bandwidth is 8.05 nm and −20 dB bandwidth is 30 nm. These bandwidths are comparable to those of optical
frequency combs generated by quantum dot or quantum dash SMLLDs and ring-based MQW designs, but the output
power is higher (10 mW average) and the pulse width is much shorter with a record short pulse width of 440 fs
being achieved.
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