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Introduction

Tunable lasers operating at wavelengths around f85are widely used in wavelength-division
multiplexed systems as a flexible back-up for fixealvelength lasers [1]. New applications of these
tunable lasers, such as in optical switching andtimg, require fast wavelength switching in the
nanosecond regime [2,3]. Wavelength tuning is ofiehieved by relatively large changes in driving
currents. As a result, thermal transients occurnmiavelengths are switched and these limit thentuni
speed of the device [3]. Another drawback of mosable lasers is that they have to be opticalllated
from the network during switching, so called “d&wking”, to avoid polluting the network with unwaxlt
wavelengths [1].

In this paper we present a tunable laser basednoari@yed-waveguide grating (AWG), which is
monolithically integrated in InP/InGaAsP and aimsoavercome the above-mentioned limitations. The
concept and realization of this device are showrign 1. The configuration utilizes a single 1-mendth
SOA in the laser cavity. Wavelength selection entlachieved by biasing small, 46z long amplifier
sections, which act as a gate for that particutanoel (S1 to S8 in Fig. 1).

Fabrication

The chip is realized using an active-passive imtggn technology. The active regions consist of 4
strained quantum-wells, embedded in a 500-nm INn@Ga&xL.25) waveguiding layer. The passive regions
are butt-joint coupled to the active regions argbdtave a 500-nm Q1.25 waveguiding layer. These
active and passive layers are sandwiched betweerdaped InP substrate and a p-doped 1500-nm thick
InP cladding with a 300-nm contact layer.

The device is etched using a ¢, three-step reactive-ion dry etch process to crhak and low
contrast ridge waveguides and amplifiers [4]. Ttiectures are planarized using polyimide. Evaparate
and plated Ti/Pt/Au metal pads provide the SOA thedgate contacts. The metallized backside of the n
InP substrate provides the ground contact. Thetstress are cleaved to create the mirrors for tHey-a
Pérot-cavity (Fig. 1).

Characterization

Needle probes are used to bias the SOA and gatesdmally. A lensed fiber-tip is used to collabtie
light. Passive waveguide propagation losses atkdrorder of 4 — 5 dB/cm. The SOA gain is 35 — 40
cm’® for wavelengths between 1560 — 1570 nm at antiojecurrent density of 2.5 kA/cin The AWG
has 8 channels, spaced at 0.8 nm, with a freeragpeahge (FSR) of 8 times the channel spacing.
Without biasing S1 — S8 the device has a lasingstiold at an SOA injection current of 60 mA and
output power at 100 mA is around 1 mW. With allegatlosed, lasing starts at residual reflectioos fr
the end of the AWG free-propagation region. BiasBily — S8 respectively then switches the lasing
wavelength to the corresponding channels. In Fipe2peak positions in the optical spectrum aréeo
for 1-mA bias currents of S1 — S8 respectively. Biameous lasing and switching between wavelengths
separated by (a multiple of) the AWG-FSR takes gldae to the relatively small FSR and broad gain
bandwidth of the SOA. In Fig. 3 the optical speetra shown. The side-mode suppression ratio isndrou
35 — 40 dB, with the exception of channel S5, dralinewidth of the laser peak is around 30 MHz, as
measured with a 20-MHz resolution optical spectauralyzer.

We can measure switching between the ‘closed-galesing wavelength and the wavelength
corresponding to S7 by applying a pulsed injectiorrent. The laser output is filtered using a 2-nm
optical bandpass filter and recorded using a 1-@hkttodiode connected to a 1-GHz oscilloscope. Fig.



shows the switching obtained by selecting either uhbiased-case signal, which switches off, or the
signal corresponding to channel S7, which switaresvhen the pulse is applied. The measured switch-
on time is (3 + 2) ns and the switch-off time (2}ns.

Conclusion

We have presented a novel concept for a discrételgble laser. Wavelength switching speed is in the
order of a few nanoseconds. Switching is achiewed i mA SOA bias current, thereby minimizing
thermal re-stabilization effects. Since the switghbetween AWG channels is discrete, no laser tipara
takes place at wavelengths corresponding to othemrels.

The work is carried out in the JEPPIX platform, soted through the EU ePIXnet Network of Excellence
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Fig. 1 (top) Photograph of the realized device and  Fig. 2 Spectral positions of the main laser peaks,
(bottom) schematic of the device. The coupler (MMI) showing wavelength switching. The gates are biased

directs part of the light to the output waveguide. by one at 1 mA.
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Fig. 3 Optical spectra obtained by biasing ea¢h,ges Fig. 4 Oscilloscope traces (2 GS/s, 5 traces aibr|

indicated by the numbers. The optical bandwidtiduse obtained after filtering by a bandpass filter a51% nm

obtain the spectra is 0.8 pm. (grey) and 1563.1 nm (black). SOA injection currient
90 mA. Pulsed injection current is applied to S7.



