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Abstract: We demonstrate high energy Q-switched pulse generation with the help of a large mode area gain 
waveguide in a silicon photonics device. Output pulse energy >150 nJ and laser slope efficiency of 40% is 
shown. 
 
High energy pulses from a millimeter scale device is highly desirable for applications such as medical surgeries, 
space applications for planetary explorations and defense. Especially this is true for wavelengths which has a 
high-water absorption (~ 1.9 µm). Usually, benchtop systems can only provide the desired pulse energy; however, 
at the cost of a large system size and non-mass producibility. In this work, we overcome such a challenge, and 
demonstrate high energy pulse generation from a silicon photonics mass-producible compact device. We 
demonstrate for the first time large mode area (LMA) gain waveguide (supporting high energy storage and gain 
saturation energy) in a Q-switched laser cavity, allowing output pulse energy >150 nJ at a repetition rate of 1 
MHz from a device having a footprint of 9 mm2. The pulse energy demonstrated is comparable and outperforms 
many fiber-based compact Q-switched lasers [1, 2] 

 

 

Fig. 1. a) Principle of passive Q-switching. b) A compact integrated LMA pulsed laser. WDM – wavelength division 
multiplexer; NLI-SA – nonlinear Michelson interferometer based saturable absorber; H1,2 – high and low power heater arms. 
Within the faint green box region, the LMA sections are over the straight SiN waveguides which are connected with each other 
through adiabatic tapers and circular bends. The NLI-SA splits the signal into two arms through a directional coupler and back 
reflects via loop mirrors. Inset: The LMA waveguide cross-section is shown along with the signal mode profiles in an LMA 
gain region and a bend. c) An optical image of the chip containing the device placed on top of a 50-cent euro coin. 
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The laser mainly consists of a gain section, cavity mirrors and a saturable absorber (Fig. 1). The pump is coupled 
to the gain section through a WDM. The pump is adiabatically coupled into the gain medium, which is based on 
thulium doped aluminum oxide film (~840 nm thick) which is cladded with a 1 µm thick silica layer. The signal 
and pump mode area is 27 µm2. The signal and pump overlap with the gain layer is ~ 75% which can be more than 
95 % without silica cladding or a thicker layer of alumina [3]. A narrow SiN layer not only reduces scattering loss 
(due to a weak modal confinement) but also helps to maintain only the fundamental mode in the LMA gain section, 
unlike an LMA fiber which tend to get few-moded losing energy to higher order modes, while also suffering from 
large bending radius [4]. The total cavity roundtrip length is 16.7 cm which includes a 12 cm roundtrip length of 
the gain section. We use a fast Kerr-type saturable absorber based on a nonlinear Michelson interferometer (NLI-
SA). It acts as an intensity dependent reflector: the reflectivity back to the cavity increases with the signal intensity, 
which supports the Q-switched pulse formation (for details see [1, 5]). 

Fig. 2. a) Optical spectrum in logarithmic and linear scale. b) On-chip output signal average power with respect to on-chip 
pump power. c) Oscilloscope trace of the Q-switched pulse train. d) Zoomed in section showing a single pulse. 
 
The device was pumped at 1.61µm. The measured Q-switched signal spectrum and temporal data are shown in 
Fig.2. The pulse repetition rate <1MHz, pulse width >200 ns and energy >150 nJ. The lasing threshold is 
approximately 20 mW and the slope efficiency is 40%. 
    In summary, we have demonstrated a high energy Q-switched laser in a silicon photonics platform based on 
LMA waveguide. The laser performance is comparable, and in many ways exceeds, that of a benchtop fiber 
lasers. This bodes well for a wide range of applications where size, weight and power are important, such as in 
deep space and point-of-care medical applications. Energy scaling seems possible with even larger mode area 
and optimized gain concentration as long as the device is operated within the damage threshold of SiN. With the 
help of cavity dispersion management low noise modelocked pulsed train can be generated which will find 
applications in nonlinear pulse generation and optical frequency synthesis [6]. 
 
Funding: EU Horizon 2020 Framework Programme - Grant Agreement No.: 965124 Femtochip and Deutsche Forschungsgemeinschaft 
(SP2111) contract PACE:Ka908/10-1. 
 
References 

1. N. Singh et.al. “Silicon photonics based high energy passively Q-switched laser, “Nature Photonics 2024. 
2. M. Jung, et. al. “An all fiberized, 1.89-μm Q-switched laser employing carbon nanotube evanescent field 

interaction,” Laser Phys. Lett, 9 (2012). 
3. N. Singh et. al. “Watt-class CMOS-compatible power amplifier,” arxiv2306.12940, 2023 
4. M. J. Li et. al. “Limit of Effective Area for Single-Mode Operation in Step-Index Large Mode Area Laser Fibers,” 

J. Light Technol. 27 (2009) 
5. N. Singh et. al. “Towards CW modelocked laser on chip–a large mode area and NLI for stretched pulse mode 

locking,” Opt. Express, 28 (2020) 
6. N. Singh et. al. “”Silicon Photonics Optical Frequency Synthesizer,” Laser Photonics Rev. 2020. 

 

a) 

b) 

c) 

d) 

EUROPHOTON 2024
, 02008 (2024)EPJ Web of Conferences https://doi.org/10.1051/epjconf/202430702008307

 
2




