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A ringlaser was realised by monolithic integration of a 4×4 phased array (de)multiplexer
with four amplifiers in InP. The phased array was fabricated using a double-etch tech-
nique, enabling a total size of the ringlaser of only 1×1.5 mm2. Light was coupled out
by putting outcoupling guides at the outer phased array-arms. Reflections are minimized
by using modefilters and angled facets. Threshold-currents of 70 mA and a side mode
suppression ratio of 40 dB were measured.

Introduction

Key components in a WDM-network are multi-wavelength lasers (MWLs). Two strate-
gies for the realization of MWLs have been reported in literature. One way is combin-
ing the signals of an array of integrated distributed feed-back lasers or distributed Bragg
reflector lasers into a single output waveguide using a power combiner [1] or a star cou-
pler [2, 3]. Another way is using an array of Semiconductor Optical Amplifiers (SOAs) in
combination with a phased array that acts as an intracavity-filter [4, 5]. Integrated MW-
lasers reported so far work as Fabry-Perot lasers. Integrated ringlasers have been reported
for single channel operation [6, 7]. MW ringlasers reported are assembled from discrete
components connected with fibres [8, 9]. In this paper, we present the first integrated
multi-wavelength ringlaser.

Operation and design

The operating principle of the phased array multi-wavelength ringlaser is understood from
figure 1, which shows the actual mask layout of the ringlaser we fabricated. The device
consists of four 500µm long, 2µm wide, integrated SOAs integrated with a wavelength
filter (the phased array). The SOAs act as a gain medium. If the gain of one of the SOAs is
sufficient to overcome the total loss of the ring (waveguides and phased array), the device
will start lasing at the wavelength determined by the passband of the phased array for that
particular channel.
The output is tapped from the outer phased array arms since none of the four amplifier
waveguides contains all frequencies. The number of arms in the phased array was limited
in order to couple some light to the outcoupling guides.
The (de)multiplexer has a channel spacing∆λ of 1.6 nm (200 GHz) and a Free Spec-
tral Range (FSR) of 15 nm. However, the MWL-channels are spaced by 3.2 nm because
neighbouring laser channels step two channel spacings∆λ: one at the input side and one



Figure 1: Mask layout of the MW ringlaser. The outcoupling guides are placed at the
outer phased array-arms. Angled facets and modefilters are used to reduce reflections
from the facets. The total size of the ringlaser is 1×1.5 mm2.

at the output side of the array. This is understood from the inset in figure 1. The wave-
guide structure of the phased array was realised with the double-etch technique described
in [10]. All waveguide bends in the device are deeply etched, which enables the very
small size of the total ringlaser of only 1×1.5 mm2, while the amplifiers are shallowly
etched, to minimize propagation loss and to ensure a monomode waveguide.
To reduce facet reflectivity , the output waveguides are angled by 7◦ with respect to the
facets normal [11]. Since at this angle only the reflection from zero-order to zero-order
mode is reduced, a modefilter is inserted to suppress the first-order mode, which can be
guided by the SOA.

Device Fabrication

All epitaxial layers for the MWL were grown by Low-Pressure Metalorganic Vapour
Phase Epitaxy (LP-MOVPE) at 625◦C. The SOA active layer consists of a 120 nm thick
λ = 1550 nm InGaAsP layer embedded between twoλ = 1250 nm InGaAsP layers. The
structure was clad by a 200 nm thick p-InP layer. Next, the active layer stack was butt-
joint to aλ = 1250 nm InGaAsP layer for the passive sections by the procedure described
in [12]. In the third epitaxy step a 1300 nm thick p-InP cladding layer and the p-InGaAs
contacting layer were grown.
A 100-nm PECVD-SiNx layer served as an etching mask for the waveguides. The pattern
was defined using contact illumination with positive photoresist and transferred in the
SiNx-layer by CHF3 reactive ion etching. The ridge waveguides were etched employing
an optimized CH4/H2 etching and O2 descumming process [13], both for the deeply and
shallowly etched waveguides. The amplifiers were passivated with a 380µm thick SiNx-
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Figure 2: LI-curve for all four operating wavelengths (left) and output spectrum when
SOA 1 is driven at 100 mA (right).

layer before the metalization pattern was defined by lift-off.

Experimental results

CW-measured LI-curves of all 4 channels of the ringlaser are shown in figure 2. Threshold
currents are around 70 mA. Extended cavity lasers on the same chip with amplifiers and
cavities of the same length showed threshold currents of 62 mA. Since the ringlaser does
not use cleaved facets but has a lower fractional output coupling from the ring cavity, one
might expect lower threshold currents for the ringlaser than for the extended cavity lasers.
However, the double-etched phased array introduces a significant extra loss that appears
to be similar to the losses of two cleaved facets. The LI-curves show no kinks, except for
channel 3, for reasons not yet understood. Also shown in figure 2 is the output spectrum
if only one amplifier is pumped. The Side Mode Supression Ratio (SMSR) is 40 dB when
the laser is operated at 100 mA. The side modes lie 15 nm left and right of the main peak,
exactly one FSR of the phased array.
Figure 3 shows the uncalibrated spectra of all four lasers, biased one after another. The
four wavelengths lie 3.2 nm apart, as expected. Except for channel 4, all lasers have a
SMSR of 40 dB at 100 mA. The output power is only -20 dBm which is due to the high
intracavity loss in combination with the low output coupling efficiency. The main reason
for the latter is that the outcoupling guides are connected to the outer phased array arms,
while most of the power is guided by the central arms. Furthermore, because the device
is lasing both clockwise and counter clockwise, only half of the power is coupled out by
each of the outcoupling guides. In addition, the fiber-chip coupling caused 4 dB loss.
In future designs the output power can be boosted by integrating an extra SOA in the
outcoupling guides.

Conclusions

A very compact integrated multi-wavelength ringlaser has been realised for the first time.
It operates CW at four adjacent wavelengths with threshold currents of 70 mA and a
SMSR of 40 dB when pumped at 100 mA.
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Figure 3:Combined spectra for all four wavelengths (operating one at a time).

Acknowledgements

A. Suurling-van Langen is acknowledged for EBPG mask fabrication. This work was
supported by the IST-project OBANET and the Dutch NRC-Photonics programme.

References
[1] Thomas L. Koch and Uziel Koren, “Semiconductor lasers for coherent optical fiber communications,”J. Lightwave Technol.,

vol. 8, no. 3, pp. 274–293, 1990.

[2] C.E. Zah, F.J. Favire, B. Pathak, R. Bhat, C. Caneau, P.S.D. Lin, A.S. Gozdz, N.C. Andreadakis, M.A. Koza, and T.P. Lee,
“Monolithic integration of multiwavelength compressive-strained multiquantum-well distributed-feedback laser array with star
coupler and optical amplifiers,”Electron. Lett., vol. 28, no. 25, pp. 2361–2362, Dec. 1992.

[3] M.G. Young, U. Koren, B.I. Miller, M.A. Newkirk, M. Chien, M. Zirngibl, C. Dragone, B. Tell, H.M. Presby, and G. Raybon,
“A 16 × 1 wavelength division multiplexer with integrated distributed bragg reflector lasers and electroabsorption modulators,”
IEEE Photon. Technol. Lett., vol. 5, no. 8, pp. 908–910, Aug. 1993.

[4] C.R. Doerr, C.H. Joyner, and L.W. Stulz, “40-wavelength rapidly digitally tunable laser,”IEEE Photon. Technol. Lett., vol. 11,
no. 11, pp. 1348–1350, Nov. 1999.

[5] P.J. Harmsma, M.K. Smit, Y.S. Oei, M.R. Leys, C.A. Verschuren, and H. Vonk, “Multi wavelength lasers fabricated using
selective area chemical beam epitaxy,” inTechnical Digest Integr. Photon. Res. (IPR ’99). 1999, pp. 17–19, Sta. Barbara, USA.

[6] P.B. Hansen, G. Raybon, M.-D. Chien, U. Koren, B.I. Miller, M.G. Young, J.-M. Verdiell, and C.A. Burrus, “A 1.54-µm
monolithic semiconductor ring laser: CW and mode-locked operation,”IEEE Photon. Technol. Lett., vol. 4, no. 5, pp. 411–413,
1992.

[7] R. van Roijen, E.C.M. Pennings, M.J.N. van Stralen, T. van Dongen, B.H. Verbeek, and J.M.M. van der Heijden, “Compact InP-
based ring lasers employing multimode interference couplers and combiners,”Appl. Phys. Lett., vol. 64, no. 14, pp. 1753–1755,
Apr. 1994.

[8] L.F. Tiemeijer, J.J.M. Binsma, P.J.A. Thijs, and T.V. Dongen, “Determination of the gain and saturation characteristics of a
semiconductor laser amplifier using a ringlaser configuration,” inProc. 19th Eur. Conf. on Opt. Comm. (ECOC ’90). Sep. 16–20
1990, pp. 243–246, Amsterdam.

[9] N. Pleros, C. Bintjas, M. Kalyvas, G. Theopphilopoulos, K. Vlachos, and H. Avramopoulos, “50 channel and 50 GHz multi-
wavelength laser source,” inProc. 27th Eur. Conf. on Opt. Comm. (ECOC ’01). Sep. 30–Okt. 4 2001, pp. 410–411, Amsterdam.

[10] M.P. Dessens, C.G.P. Herben, X.J.M. Leijtens, F.H. Groen, and M.K. Smit, “Compact low-loss polarisation independent
PHASAR demultiplexers using a double etch technique,” inProc. IEEE/LEOS Symposium (Benelux Chapter). 1999, pp. 167–
170, Mons, Belgium.

[11] P.J. Harmsma,Integration of Semiconductor Optical Amplifiers in Wavelength Division Multiplexing Photonic Integrated Cir-
cuits, Ph.D. thesis, Delft University of Technology, Delft, The Netherlands, 2000, ISBN 90-9014315-7.

[12] J.J.M. Binsma, M. van Geemert, F. Heinrichsdorff, T. van Dongen, R.G. Broeke, and M.K. Smit, “MOVPE waveguide regrowth
in InGaAsP/InP with extremely low butt joint loss,” inProc. IEEE/LEOS Symposium (Benelux Chapter). Dec. 2001, Brussels,
Belgium.

[13] Y.S. Oei, L.H. Spiekman, F.H. Groen, I. Moerman, E.G. Metaal, and J.W. Pedersen, “Novel RIE-process for high quality
InP-based waveguide structures,” inProc. 7th Eur. Conf. on Integr. Opt. (ECIO ’95). April 3–6 1995, pp. 205–208, Delft, The
Netherlands.


