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Monolithic 2.5 GHz Quantum Well InGaAsP
Extended Cavity Modelocked Ring Laser with an
Integrated Phase Modulator

Sylwester Latkowski, Valentina Moskalenko,
Saeed Tahvili, Meint Smit, Erwin Bente

COBRA Research Institute, Electrical Engineering
Eindhoven University of Technology
Eindhoven, The Netherlands
S.Latkowski@tue.nl

Abstract— A passively modelocked extended cavity quantum
well ring laser at 1.58 pm with repetition rate of 2.5 GHz in the
form of a photonic integrated circuit is presented. The device is
realized using InP based active-passive integration technology.
The 33mm long cavity contains gain, saturable absorption and
passive waveguide sections as well as a phase shifter sections to
enable fine tuning of the spectral position of the lasing modes.
Passive mode-locked operation and with wavelength tuning of the
laser modes are experimentally demonstrated. This laser is the
lowest reported repetition rate for a monolithically integrated
ring laser.

Keywords—modelocked lasers, semiconductor lasers, photonic
integrated circuits

1. INTRODUCTION

Integrated passively modelocked semiconductor lasers are
in principle ideal for realizing compact devices for dual
frequency comb spectroscopy [1]. Two identical modelocked
lasers can be integrated on a single chip. This will allow for a
wider application of the spectroscopic technique. There are a
number of requirements that must be met by the laser. The
bandwidth of must be sufficiently wide to be of interest, the
line width of the modes in the comb must be a few MHz or less
and the relative positions of the lines in the two combs must be
accurately stabilized with respect to each other. The spacing
between the modes determines the spectral resolution and this
must be at most a few GHz. With this application in mind we
developed a 2.5 GHz integrated laser with an option to
accurately control the position of the mode comb. The active
passive integration technology allows for short amplifier
sections in the cavity which when driven at a relatively high
current density can provide a wide gain spectrum [2], [3].

II. PHOTONIC INTEGRATED CIRCUIT

A ring mode-locked laser (RMLL) was designed as a
photonic integrated circuit (PIC) in order to support repetition
rates of 2.5 GHz and allow for spectral positioning of the
optical output. The resulting ring laser cavity has a total length
of 33 mm and features a symmetrical arrangement of the
components with respect to the saturable absorber (SA) and
output coupler as presented in Fig. 1(a). Such a configuration
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Fig. 1. a) Schematic diagram of the photonic integrated circuit based ring
mode-locked laser; b) A microscope image of the fabricated device.

assures optimum operation in colliding pulse mode-locking
regime [3], [4]. The 50 um saturable SA is surrounded by two
gain sections (SOA) each being 725 um long and both sharing
an electrical contact for current injection. The ring is closed by
used of deeply etched passive waveguides which allows for a
small bending radius, two 810um long electro refractive
modulators (ERM) and a 2x2 multimode interference coupler
(MMI) used for coupling out optical signals in both directions.
The output ports of the MMI are guided to angled output ports
at the opposite edges of the PIC chip. The PIC as presented in
Fig. 1(b) was fabricated within a multi project wafer (MPW)
run by SMART Photonics.

III. PASSIVE MODE-LOCKING AT 2.5 GHz

The PIC was mounted on an aluminum sub-carrier and
electrical contacts were wire-bonded to a printed circuit board
(PCB) for an ease of electrical control of the device. The metal
sub-carrier was water cooled at room temperature to stabilize
the temperature. The optical output was collected with a lensed
fiber and fed to the measurement instruments via an optical
isolator. A range of operating conditions was found for which
modelocking was observed. As an example we present an
operating point where the SOA sections were injected with a
total DC current Iso,=90 mA and the SA was reverse biased at
Usa= -4.1V. The ERMs were grounded. A multimode
spectrum presented in Fig. 2(a) was recorded using a high
resolution (100 MHz ) optical spectrum analyzer (OSA). The
OSA clearly resolves the laser modes with a free spectral range
(FSR) of 2.5 GHz. An electrical beat signal was produced on a
fast (50 GHz) photodiode connected to an electrical spectrum
analyzer (ESA). The recorded spectrum show clear tones
(signal to noise ratio in excess of 30dB at fundamental) at
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Fig. 2. a) Selected optical spectrum recorded with high resolution optical
spectrum analyzer. Inset: A 3dB window showing lasing modes with FSR of
2.5 GHz. b) RF beat signal produced on a fast photodiode and recorded with
electrical spectrum analyzer (RBW: 56 kHz, VBW: 560 kHz, ST: 7.4 s); ¢) An
autocorrelation trace recorded at corresponding bias conditions; d) A detailed
view of the fundamental freauency (RBW: 1 kHz. VBW: 10 kHz. ST: 4 s).

frequencies corresponding to the fundamental FSR and its
higher order overtones as shown in Fig.2(b). The strong
overtones at higher harmonics show that an optical pulses train
is formed resulting from passive mode-locking operation. This
is confirmed by a background free optical autocorrelation (AC)
trace presented in Fig. 2(c). It shows a clear optical pulse. The
duration of the AC trace results with a full width at half
maximum pulse duration of 11 ps assuming a sech” shape. For
the use of AC the optical signal of 60 uW average power in
fibre was amplified using an L-band erbium doped fiber based
optical amplifier (EDFA). Fig. 2(d) presents the fundamental
peak in the RF spectrum in detail.

IV. TUNABILITY OF THE LASER

The effect of the intra cavity ERMs was investigated when
the laser was operated in passive mode-locking regime. In
addition to the DC bias conditions applied to the SOA and SA
sections, a reverse DC voltage Ugry is applied to the phase
shifters and the optical output is recorded with use of the OSA
and ESA. Fig. 3(a) presents three modes from the optical
spectra recorded for the Uggy in the range from 0 Vto -10 V.
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Fig. 3. a) Optical spectra in function of the phase shifter reverse bias Uggm,
recorded with 20MHz resolution with the axes at the bottom and left. The
cavity mode phase shift A¢p with respect to applied Ugrm (solid black, top and
righ); b) Beat frequency change profile as a function of applied Uggm.

The comb lines exhibit a red-shift of 2.5 rad (~0.4 FSR) over
the full range of the applied bias voltage. The average output
power stayed near constant with changing Ugpy. The trend of
the frequency shift is also nonlinear with respect to the Uggy as
demonstrated in Fig. 3(a) however the voltage to phase
relationship in the ERM is mainly linear [2]. The repetition rate
frequency of the laser f; recorded for a range of values of Ugpy
from OV to -7V is presented in Fig.3(b). The value of f;
changes to lower values by 1.6 MHz with a nonlinear trend.
The expected phase shift introduced by ERMs is in the range of
n to 2n. A 2n change would lead to a change in f; of 31 kHz.
This is fifty times smaller than we observe. This in
combination with its non-linear behavior leads again to a
conclusion that additional loss introduced into the laser cavity
by reverse biased ERMs affects the overall repetition rate
change similarly to the case described in [S]. The voltage
dependent loss induced by the ERM dominates the effect it has
on the laser performance. The broadening of the laser modes
with increasing Ugry may be attributed to a shift in output
spectrum of the laser due to the changing loss of the ERM.

V. CONCLUSIONS

A low repetition rate modelocked laser with tunable optical
comb lines and repetition rate was realized as a photonic
integrated circuit. The device operates in a passive
modelocking regime at 2.5 GHz repetition rate. Such a rate is
up to the our knowledge the lowest demonstrated so far from a
quantum well based InP integrated ring laser. Although the
effect of the integrated phase modulator is nonlinear, which
may lead to a more complex tuning mechanism, it allows for
tuning of the position of the optical comb lines and repetition
rate frequency of the laser. This control is required for the
target application of dual frequency comb spectroscopy.

ACKNOWLEDGMENT

This work is supported by the IOP (Innovatiegerichte
Onderzoeksprogramma’s) Photonic Devices program, project
IPD12015, Rijksdienst voor Ondernemend Nederland, Dutch
Ministry of Economic Affairs.

REFERENCES

[1] 1. Coddington, W. C. Swann, and N. R. Newbury, “Coherent
Multiheterodyne Spectroscopy Using Stabilized Optical Frequency
Combs,” Phys. Rev. Lett., vol. 100, no. 1, p. 013902, Jan. 2008.

[2] M. Smit, X. Leijtens, E. Bente, J. Van der Tol, H. Ambrosius, D.
Robbins, M. Wale, N. Grote, and M. Schell, “Generic foundry model
for InP-based photonics,” IET Optoelectron., vol. 5,no. 5, p. 187, 2011.

[3] M. S. Tahvili, Y. Barbarin, X. J. M. Leijtens, T. de Vries, E.
Smalbrugge, J. Bolk, H. P. M. M. Ambrosius, M. K. Smit, and E. A. J.
M. Bente, “Directional control of optical power in integrated
InP/InGaAsP extended cavity mode-locked ring lasers,” Opt. Lett., vol.
36, no. 13, pp. 24622464, Jul. 2011.

[4] E. A. Avrutin, J. H. Marsh, and E. L. Portnoi, “Monolithic and multi-
gigahertz  mode-locked  semiconductor  lasers:  constructions,
experiments, models and applications,” Optoelectron. IEE Proc. -, vol.
147, no. 4, pp. 251-278, Aug. 2000.

[5] S. Arahira and Y. Ogawa, “Repetition-frequency tuning of monolithic
passively mode-locked semiconductor lasers with integrated extended
cavities,” IEEE J. Quantum Electron., vol. 33, no. 2, pp. 255-264, Feb.
1997.



