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Abstract: An ytterbium-doped aluminum oxide distributed feadk channel waveguide laser is
reported. The laser has a 5 mW threshold and eBdits\W in single-frequency operation at

1022.2 nm wavelength with a slope efficiency of 67%
OCIS codes:(140.3615) Lasers, ytterbium; (140.3490) Lasertriduted-feedback; (230.7380) Waveguides, chathel

1. Introduction

Ytterbium-doped waveguides are suitable for reajziompact and highly efficient lasers due to #latively high
absorption and emission cross-sections and higimtgoa efficiency of ytterbium. Monolithic, ytterbiwaoped
channel waveguide lasers have been demonstrateddriety of cavity configurations and material$ieh include
Fabry-Pérot cavities in YAG [1] and KYW [2], as Wwels one previous report of a distributed feedbdkB)
cavity which was realized in phosphate glass [3].

Due to its favorable optical properties, rare-edtirdoped amorphous aluminum oxide f®&4) has been
recognized as a very promising gain material feaaety of integrated optical structures [4-6]. Tiedatively high
refractive index of 1.65 and the resulting higlraefive-index contrast between waveguide and ctagdilow for
the fabrication of compact integrated optical stmues and smaller waveguide cross sectionsOAkan be
deposited on a number of substrates, includingrblly oxidized silicon, which allows for integratiawith existing
silicon-on-insulator waveguide technology [7].

Here we present, to the best of our knowledge fiteeytterbium-doped laser in ADs;, which is also the first
ytterbium-doped DFB channel waveguide laser onlieosi substrate. Above a threshold of 5 mW, theglsin
polarization, single-longitudinal-mode emissionaatvavelength of 1022.2 nm produced up to 34 mW uiput
power, which resulted in a slope efficiency of 6Vétsus launched pump power.

2. Fabrication

Channel waveguides were fabricated in au thick ALOs;Yb*" layer with an ytterbium concentration of
5.8 x 16° cmi®. The waveguide layer was deposited onto am&hick thermally oxidized standard silicon wafgr b
means of reactive cosputtering [8]. The singlegvanse-mode ridge waveguides were 1 cm longu@ vide, and
were etched 90 nm deep via standard lithographyaacdkilorine reactive ion etching process [9]. A 340 thick
SiO, cladding layer was deposited on top of the ridgaveguides using plasma enhanced chemical vapor
deposition.

A grating pattern was defined in a negative rdaigtr on top of the Sigcladding by means of laser interference
lithography. The grating was etched 80 nm deeptimoSiQ using a CHE O, reactive ion plasma, after which the
residual resist was removed by applasma. The resultant Bragg gratings have a pefi®@. 6 nm and a duty cycle
of ~ 50%. In order to ensure single-longitudinalemooperation, a distributed quarter-wave phaset stdfs
introduced to the cavity by means of a 2 mm loniglzatic tapering of the waveguide width in the calntegion of
the cavity [10,11]. Defining the phase shift instmanner does not require any additional fabrioatteps.

3. Characterization

The experimental setup that was used to measuigothier characteristics of the laser is shown in E& The laser
was optically pumped with a 976 nm laser diodeav@80/1030 nm wavelength division multiplexing (WIpfber
where a maximum pump power of 61 mW was launchexdthe waveguide. The measured power characteristic
the laser are shown in Fig. 1b. The laser emissias collected from the pumped side of the cavitythie WDM
fiber and sent to a power meter. The DFB laserstiolel occurs at a launched pump power of only 5 rikdé low
laser threshold as compared to the threshold pediace of the previously realized ytterbium-dopedD#&ser [3]
emphasizes the strong light confinement due tadtaively high refractive index of AD; as well as the low losses
which are present in this waveguide geometry. Theimum laser power emitted from the pumped sid¢hef
cavity is more than 34 mW, which results in a sleffeciency of 67% versus launched pump power. Waisie of
the slope efficiency is, to our knowledge, the kisthslope efficiency of any rare-earth-ion-dopedDé&ser. No



saturation of the output power was observed anithdumpower scaling is only limited by the amountaghilable
pump power.
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Fig. 1. (a) Experimental setup for measuring thegracharacteristics of the laser; (b) output poefahe DFB laser as a function of launched
pump power.

The emission spectrum of the laser was measured avit optical spectrum analyzer (OSA) which has a
resolution of 0.1 nm. The laser operated at a veanggh of 1022.2 nm and exhibits an emission pedk an optical
signal-to-noise ratio of more than 40 dB (see Fg). Although single-longitudinal-mode behavior kcbie
confirmed with this measurement, the measured lidigvwvas limited by the resolution of the OSA. Higdsolution
heterodyning linewidth measurements are curremiljen way. This laser shows more than one orderagffitude
improvement in output power as compared to ouriptesly demonstrated 1.7-kHz-linewidth erbium-dopbdnnel
waveguide DFB laser operating at 1,58 [6]. Since the fundamental linewidth is inversptpportional to the laser
output power [12], we expect the linewidth to b@atbone order of magnitude narrower. Since modeutations
and measurements of the previous DFB cavities stidiasg the grating strength for the TM mode is sudficiently
strong to reach threshold, it was concluded thatdker emission was TE polarized at all times [6].

The relative intensity noise (RIN) of the laser vedso investigated (see Fig. 2b). The RIN is domeidaby a
peak value of -108 dB/Hz at 1.5 MHz, which is tketakation oscillation frequency of the laser, aftdrich it falls
to -145 dB/Hz for frequencies near 10 MHz. This RéNcomparable to that obtained by other rare-eartrdoped
channel waveguide DFB lasers [13,14].
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Fig. 2. (a) Normalized laser emission spectrumMbgasured relative intensity noise spectrum.



4. Summary

The first ytterbium-doped distributed feedback cfelrwaveguide laser in AD; was presented. The laser operates
in a single longitudinal mode and single polarizat{TE) at a wavelength of 1022.2 nm. The laseiitgtsha low
threshold of 5 mW launched pump power and emitsaaimum laser output power of more than 34 mW. This
results in a slope efficiency of 67%, which isptar knowledge, the highest value reported to datedre-earth-ion-
doped DFB lasers. To our knowledge, this is alsofittst ytterbium-doped DFB laser that is fabrichte a silicon
substrate.
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