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Abstract: A fully-integrated Q-switched laser is demonstrated at 1.9um using thulium-doped
aluminum oxide waveguides, with the potential for achieving an on-chip passively mode-locked

laser. All components of the laser are fabricated in a CMOS-compatible silicon photonics process.
OCIS codes: (140.4050) Mode-locked lasers; (140.3540) Q-switched lasers; (130.3120) Integrated optics devices.

1. Introduction

Mode-locked lasers (MLLs) have many important applications, including low-noise photonic oscillators, frequency
combs and drive photonic analog-to-digital conversion. As silicon photonics technology continues to develop, there
is increasing interest in fabricating mode-locked lasers on-chip [1-3]. In particular, the ability to fabricate devices
that can be co-integrated with CMOS electronics is highly desirable in order to enable inexpensive mass production
of systems with low size, weight and power. In the context of on-chip frequency combs, MLL operation in the 2um
wavelength range is advantageous for generating octave-spanning supercontinuum within the transparency window
of silicon [4-6]. In this paper we present progress towards a fully-integrated passively-mode-locked laser operating
at 1.9um, which exhibits Q-switched pulsing when pumped at 1.6pum.

2. Laser Design and Fabrication

The laser cavity consists of a 13-cm spiral gain waveguide, a double-chirped Bragg grating for dispersion
compensation similar to that described in [7], and a nonlinear interferometer (NLI) that acts as an artificial saturable
absorber as well as the output coupler. The principle of operation and characteristics of the NLI are described in
detail in [8]. The gain waveguide consists of an inverted ridge structure, with a segmented silicon nitride slab
forming the guiding layer underneath a thin film of thulium-doped Al,O;. We have used similar waveguide designs
in our group to achieve high-power efficient DFB and DBR lasers operating around 1.9um [9]. A cross-section of
the waveguide is shown in Figure 1(a), and a schematic of the full laser cavity is shown in Figure 1(c). All the
components in the cavity are integrated on-chip and were fabricated in a 300-mm CMOS foundry, using PECVD to
grow the nitride layer and optical immersion lithography to pattern the various waveguide structures. We then
deposit a layer of the Tm**:Al,O5 gain material using reactive co-sputtering.
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Fig. 1. (a) Cross-section of gain waveguide. (b) Photograph of spiral laser structure. (c) Schematic of laser cavity with components labeled.
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3. Experimental Results

A schematic of the experimental setup is shown in Figure 2. To test the performance of the laser structures, we use
an L-band EDFA to amplify the 1614-nm pump laser. The pump passes through a polarization controller and is
coupled onto the chip using a lensed fiber, which is mode-matched to a nitride waveguide at the chip facet to
minimize coupling losses. The laser output is then collected with another lensed fiber from the output port of the
NLI, and measured with an optical spectrum analyzer. The time-domain behavior and RF spectrum are also
measured from the output of a photodiode.
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Fig. 2. Schematic of experimental setup. Abbreviations are as follows: PC — polarization controller, PD — photodiode, OSA — optical spectrum
analyzer, RFSA — RF spectrum analyzer.

The output spectrum of the laser is shown in Figure 3(a), for various different input pump power levels. As the
pump power is increased, the laser first exhibits multimode CW operation before then beginning to emit Q-switched
pulses, as shown in Figure 3(b). As the pump power is increased to its maximum — approximately 1W of on-chip
power — the spectrum begins to broaden considerably, which suggests operation very close to the threshold for stable
mode-locking.
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Fig. 3. (a) Optical spectrum of laser output for various input pump powers. (b) Time-domain behavior of Q-switched pulses with a pulse
repetition rate of 560 kHz. (c) RF spectrum of detected pulses showing harmonics of the cavity repetition rate of 680 MHz.

4. Conclusion

We have demonstrated Q-switched pulsing at 1.9um in a fully-integrated thulium-doped laser with on-chip
dispersion compensation and artificial saturable absorbers, fabricated in a CMOS-compatible silicon photonics
platform. The broadening of the output spectrum at high pump powers suggests that the structures are very close to

the mode-locking threshold. Future work will focus on increasing the intracavity power to achieve passive mode-
locking on chip.
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