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Abstract Modern optical networks employ hundreds of lasers that fill up the limited bandwidth. Each
laser generates a channel and each channel is separated by a spectrally inefficient region of space
called a guard band. Optical frequency comb sources (OFCS), can potentially reduce or eliminate the
use of these guard bands by creating coherent superchannels with a precise and stable frequency. In
this paper we demonstrate a monolithically integrated comb source which is integrated with a filter with
the intent to be used as a de-multiplexer.

Introduction

Optical frequency comb sources (OFCS) show
significant promise in many modern day appli-
cations such as spectroscopy[1], spaced based
instruments[2] and high speed telecommunica-
tions[3]. OFCS generate equally spaced spec-
tral carriers with a known phase relation between
adjacent carriers. Due to their precise and sta-
ble frequency and relative phases, they can be
used in wavelength division multiplexing (WDM)
communications to create coherent optical super-
channels, where guardbands between neighbour-
ing WDM signals are no longer required[4]. One
method of generating a frequency comb in a PIC
(which is the method described in this paper) is
by injection locking a slave laser to a single mode
master laser and gain switching the slave laser by
applying a high power radio frequency (RF) sig-
nal.

A comb based coherent superchannel would
require the optical source to be integrated with
a de-multiplexer, which would filter out individ-
ual lines into separate waveguides with separate
modulators before being recombined and trans-
mitted. Monolithically integrated comb sources
with frequency spacings of 4 - 9 GHz have been
demonstrated with InP devices[5]. However, typi-
cal methods of de-multiplexing these narrow lines
on a PIC have not been feasible[6], due to the dif-
ficulty of de-multiplexing the comb while retaining
relative coherence between the optical carriers.

In this paper we focus on an injection locked
ring laser as a tunable filter element that can
be used as part as a full de-multiplexer, which
is monolithically integrated with a tunable comb
source. The comb source itself is demonstrated
by injection locking a single mode master laser

into a gain switched slave laser. Injection locking
using an external master laser has been demon-
strated to reduce phase noise and linewidth in
gain switched lasers[7]. These two lasers are
monolithically integrated in a strongly coupled
master/slave configuration[5], whereby the slave
laser is optically phase locked to the master laser.
The single mode characteristics of the slave laser
have been known to improve by on-chip opti-
cal phase locking, particularly with increasing
the side mode suppression ratio (SMSR) of the
slave[8]. The master laser is more heavily biased
than the slave and so the two lasers are operating
in an asymmetric bias regime. So while no isola-
tor exists between the two lasers, the asymme-
try of the operation has been shown to allow for
injection locking[9]. The slave laser is then gain
switched using a high power RF signal genera-
tor to generate the optical combs. The generated
comb is injected into a monolithically integrated
ring laser which acts as an integrated laser filter
(ILF). Using current injection, this ILF filters out
a single comb line. The output of the device is
analysed by an ANDO AQ6317B optical spectrum
analyser (OSA), which has a resolution of 0.02
nm, and so the comb lines and their spacings can
be observed.

Device Design
The device was fabricated with commercially
available material designed for the emission at
1550 nm, purchased from IQE. This lasing ma-
terial consists of 5 compressively strained 6 nm
wide AlGaInAs quantum wells on an n-doped InP
substrate. The upper p-doped cladding consists
of a 0.2 µm InGaAs cap layer, which is followed
by 0.05 µm of InGaAsP, lattice matched to 1.62
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Fig. 1: Schematic of the PIC design

µm of InP. The ridge and slot features are de-
fined using standard lithographic techniques, with
a ridge width of 2.5 µm and a height of 1.7 µm,
and a slot width of 1 µm, with the ridge etch stop-
ping above the quantum wells. The slots were
used as both optical reflection as well as electrical
isolation between different sections of the PIC. A
ground-signal-ground (GSG) contact was added
to the slave section to allow for the gain switching
of the device.

The master section of the device is made up
of the gain section, 600 µm in length, and mir-
ror section. The mirror section is made up of 8
slots etched into the ridge with an interslot sep-
aration of 108 µm. These slots act as reflec-
tive defects along the ridge by creating regions
of lower effective refractive index, effectively cre-
ating a master section that is both single mode
and tunable[5],[10]. This master laser is integrated
with a 2×2 multimode interferometer (MMI) which
splits light equally into both slave lasers. At this
point, either slave laser could be used to gener-
ate the comb. The upper slave is injection locked
to the master and is gain switched, generating a
comb while the lower slave is unused. This comb
is reflected back into the 2×2 MMI and is split
equally into the master laser and into the lower
waveguide coupling with the ring laser. The ring
laser is used to filter a single line from the comb
by injecting the comb into the ring[11]. The indi-
vidual comb lines are filtered using current injec-
tion and are detected through Port D. The addition
of multiple ring laser filters would facilitate the full
de-multiplexing of the comb.

Results
The master laser was initially characterised by bi-
asing the gain and mirror sections of the device
independently, sweeping the current through both
sections and measuring the spectra through Port
A at each interval. The SMSR and lasing wave-

Fig. 2: (a) SMSR and (b) lasing wavelength of the Master
Laser.

length were recorded and plotted as shown in
Fig. 2.

When the single mode nature of the master
laser was determined, the MMI section was bi-
ased at 180 mA, the upper slave laser was bi-
ased just above threshold current and the spectra
of slave laser was optically phase locked to that
of the master. A strong RF signal was applied
to the slave section to allow for gain switching to
occur and a comb to be generated. Due to the
design of the PIC, the generated comb was de-
tected through Port A, B and C as shown in Fig
3.

Once this was achieved, the ring was biased
and the resulting spectra was detected through
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Fig. 3: (a) Generated comb detected through Port A, B and C
and (b) the individual comb lines detected through Port D.

Port D. By varying the current through the ring
laser, different peaks were attained, and plotting
these against the comb detected through Port C
(Fig. 3) it is clear that these peaks are a result
of the different comb lines being filtered by the
ring laser. The colour plot in Fig. 4 illustrates the
growth and suppression of the individual comb
lines as the current across the ring laser is var-
ied.

Future Work
We have demonstrated a monolithically inte-
grated PIC that can generate a frequency comb
and filter out the individual comb lines using a ring
laser as an ILF.

In a de-multiplexing system, the individual lines
of the comb are filtered at once, and so further
ring lasers are required. The next generation de-
vice shown in Fig. 5 depicts a smaller design with
dimensions of 1700 µm × 500 µm, compared to
the 2600 µm × 700 µm PIC focused on in this pa-
per. An additional ring laser is also integrated with
the PIC in order for for more than one comb line
to be filtered at one time. Future designs would
include a network of multiple ring lasers which
would be used to de-multiplex the comb lines and
separate them into different waveguides with sep-
arate modulators before being recombined and
transmitted.

Fig. 4: Colour plot depicting the power of the spectra
detected through Port D as the current through the ring laser

changes.

Fig. 5: Schematic of next generation PIC.

Conclusions
This PIC demonstrates how a coherent optical
comb can be created and de-multiplexed. An op-
tical frequency comb was obtained from the PIC
by gain switching a slave laser that has been in-
jection locked with a single mode master laser.
Due to the reflective defects caused by the slots
used in the mirror of the master, the master laser
was shown to have a tunable wavelength. The
integrated ring laser allowed for the injection lock-
ing of the individual comb lines and therefore the
selective or tunable filtering of the comb. A fu-
ture design of a PIC that can filter out two individ-
ual comb lines is also demonstrated by integrat-
ing the PIC with a second ring laser. By using
a network of these ring lasers, a comb can be
generated and de-multiplexed on a monolithically
integrated chip.

Acknowledgements
This work was supported by Science Foundation
Ireland under grants 12/RC/2276 (IPIC).

Th2F.5 European Conference on Optical Communication (ECOC) 2022 © 
Optica Publishing Group 2022

Disclaimer: Preliminary paper, subject to publisher revision



References
[1] I. Coddington, W. C. Swann, and N. R. Newbury, “Co-

herent multiheterodyne spectroscopy using stabilized
optical frequency combs”, Phys. Rev. Lett., vol. 100,
p. 013 902, 1 Jan. 2008. DOI: 10.1103/PhysRevLett.
100.013902. [Online]. Available: https://link.aps.
org/doi/10.1103/PhysRevLett.100.013902.

[2] X. Wang, S. Takahashi, K. Takamasu, and H. Mat-
sumoto, “Space position measurement using long-
path heterodyne interferometer with optical frequency
comb”, Opt. Express, vol. 20, no. 3, pp. 2725–2732,
Jan. 2012. DOI: 10 . 1364 / OE . 20 . 002725. [On-
line]. Available: http : / / www . opticsexpress . org /
abstract.cfm?URI=oe-20-3-2725.

[3] A. Ellis and F. Gunning, “Spectral density enhancement
using coherent wdm”, IEEE Photonics Technology Let-
ters, vol. 17, no. 2, pp. 504–506, 2005. DOI: 10.1109/
LPT.2004.839393.

[4] R. Zhou, P. M. Anandarajah, M. D. G. Pascual, et al.,
“Monolithically integrated 2-section lasers for injection
locked gain switched comb generation”, Optical Fiber
Communication Conference, Th3A.3, 2014. DOI: 10 .
1364/OFC.2014.Th3A.3. [Online]. Available: http:
//www.osapublishing.org/abstract.cfm?URI=OFC-

2014-Th3A.3.

[5] J. K. Alexander, P. E. Morrissey, H. Yang, et al., “Mono-
lithically integrated low linewidth comb source using
gain switched slotted fabry-perot lasers”, Opt. Express,
vol. 24, no. 8, pp. 7960–7965, Apr. 2016. DOI: 10 .

1364/OE.24.007960. [Online]. Available: http://www.
opticsexpress.org/abstract.cfm?URI=oe-24-8-

7960.

[6] W. Cotter, P. E. Morrissey, H. Yang, et al., “Integrated
demultiplexing and amplification of coherent optical
combs”, Opt. Express, vol. 27, no. 11, pp. 16 012–
16 023, May 2019. DOI: 10.1364/OE.27.016012. [On-
line]. Available: http : / / www . opticsexpress . org /
abstract.cfm?URI=oe-27-11-16012.

[7] L. Barry, P. Anandarajah, and A. Kaszubowska, “Opti-
cal pulse generation at frequencies up to 20 ghz using
external-injection seeding of a gain-switched commer-
cial fabry-perot laser”, IEEE Photonics Technology Let-
ters, vol. 13, no. 9, pp. 1014–1016, 2001. DOI: 10.1109/
68.942678.

[8] A. Tauke-Pedretti, G. A. Vawter, E. J. Skogen, et al.,
“Mutual injection locking of monolithically integrated
coupled-cavity dbr lasers”, IEEE Photonics Technology
Letters, vol. 23, no. 13, pp. 908–910, 2011. DOI: 10.
1109/LPT.2011.2140099.

[9] A. H. Perrott, L. Caro, M. Dernaika, and F. H. Pe-
ters, “A comparison between off and on-chip injec-
tion locking in a photonic integrated circuit”, Photonics,
vol. 6, no. 4, 2019, ISSN: 2304-6732. DOI: 10.3390/
photonics6040103. [Online]. Available: https://www.
mdpi.com/2304-6732/6/4/103.

[10] Q. Y. Lu, W. H. Guo, R. Phelan, et al., “Analysis of
slot characteristics in slotted single-mode semiconduc-
tor lasers using the 2-d scattering matrix method”,
IEEE Photonics Technology Letters, vol. 18, no. 24,
pp. 2605–2607, 2006. DOI: 10 . 1109 / LPT . 2006 .

887328.

[11] K. Shortiss, M. Shayesteh, W. Cotter, A. H. Perrott, M.
Dernaika, and F. H. Peters, “Mode suppression in in-
jection locked multi-mode and single-mode lasers for
optical demultiplexing”, Photonics, vol. 6, no. 1, 2019,
ISSN: 2304-6732. DOI: 10 . 3390 / photonics6010027.
[Online]. Available: https://www.mdpi.com/2304-
6732/6/1/27.

Th2F.5 European Conference on Optical Communication (ECOC) 2022 © 
Optica Publishing Group 2022

Disclaimer: Preliminary paper, subject to publisher revision

https://doi.org/10.1103/PhysRevLett.100.013902
https://doi.org/10.1103/PhysRevLett.100.013902
https://link.aps.org/doi/10.1103/PhysRevLett.100.013902
https://link.aps.org/doi/10.1103/PhysRevLett.100.013902
https://doi.org/10.1364/OE.20.002725
http://www.opticsexpress.org/abstract.cfm?URI=oe-20-3-2725
http://www.opticsexpress.org/abstract.cfm?URI=oe-20-3-2725
https://doi.org/10.1109/LPT.2004.839393
https://doi.org/10.1109/LPT.2004.839393
https://doi.org/10.1364/OFC.2014.Th3A.3
https://doi.org/10.1364/OFC.2014.Th3A.3
http://www.osapublishing.org/abstract.cfm?URI=OFC-2014-Th3A.3
http://www.osapublishing.org/abstract.cfm?URI=OFC-2014-Th3A.3
http://www.osapublishing.org/abstract.cfm?URI=OFC-2014-Th3A.3
https://doi.org/10.1364/OE.24.007960
https://doi.org/10.1364/OE.24.007960
http://www.opticsexpress.org/abstract.cfm?URI=oe-24-8-7960
http://www.opticsexpress.org/abstract.cfm?URI=oe-24-8-7960
http://www.opticsexpress.org/abstract.cfm?URI=oe-24-8-7960
https://doi.org/10.1364/OE.27.016012
http://www.opticsexpress.org/abstract.cfm?URI=oe-27-11-16012
http://www.opticsexpress.org/abstract.cfm?URI=oe-27-11-16012
https://doi.org/10.1109/68.942678
https://doi.org/10.1109/68.942678
https://doi.org/10.1109/LPT.2011.2140099
https://doi.org/10.1109/LPT.2011.2140099
https://doi.org/10.3390/photonics6040103
https://doi.org/10.3390/photonics6040103
https://www.mdpi.com/2304-6732/6/4/103
https://www.mdpi.com/2304-6732/6/4/103
https://doi.org/10.1109/LPT.2006.887328
https://doi.org/10.1109/LPT.2006.887328
https://doi.org/10.3390/photonics6010027
https://www.mdpi.com/2304-6732/6/1/27
https://www.mdpi.com/2304-6732/6/1/27

	Introduction
	Device Design
	Results
	Future Work
	Conclusions
	Acknowledgements

