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ABSTRACT

We present a compact design for a 1064 nm Q-Switched waveguide laser based on a liquid crystal transducer.
Directly integrating the input-coupling mirror on the chip and utilising a Grin lens to also integrate the modulator
optics enables a miniaturised setup. The preliminary experimental results have demonstrated that the Q-switched
laser pulses with a pulse width of 45 ns and average output power of 4.5 mW can be achieved with a pump
power of 350 mW, when an electrical signal with a repetition rate of 5 kHz, a peak-to-peak voltage of 30 V and a
duration of 4 µs is applied. This work was supported by the Office of Naval Research Global (N62909-18-1-2147).
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1. INTRODUCTION

In previously published papers we have introduced a novel liquid crystal-based photonic transducer cell for
various applications, in particular for sensing networks1 and biomedical devices.2 Although the liquid crystal-
based transducer was originally designed to convert an unknown electrical signal into an optical signal, it can
also be utilized as an active modulator in an integrated miniaturized Q-switched waveguide laser system,3,4 and
even in a fiber laser architecture, which can operate in cw, AM and FM mode-locked or Q-switched regimes.5 In
this paper, we will present a compact design of a Q-switched laser system based on this liquid crystal transducer.
The primary experimental results shows that it is possible to generate a stable train of Q-switched laser pulses
with the pulse width of 45 ns from a compact and integrated waveguide chip laser setup by applying an electrical
signal with a peak-to-peak voltage of 30 V. In future, the size of the prototype can be further reduced by reducing
the thickness of in-coupling mirror and butting couple the pump fiber. Additionally, the laser performance can
be improved by optimizing the design of liquid crystal transducer.

2. PROTOTYPE DESIGN AND PRELIMINARY EXPERIMENTAL SETUP

Figure 1. (a) Schematic of primary prototype design and (b) targeted design of compact actively Q-switched lasers.

The input-coupling mirror and the grin lens are integrated with the Yb-doped waveguide chip via boding
with UV adhesive to reduce the optical losses in the laser system and to improve the laser performance. The
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quarter-wave plate and half-wave plate are mounted on two rotation mounts for calibration. Once the optimal
orientations of two plates are tested and confirmed, two plates with optimal orientations can be integrated with
the liquid crystal cell, with a gold mirror (R = 82 %) at the back. The design of the compact prototype and a
photo of the eventually targeted design are shown in Figure 1(a) and (b). Before all optics are integrated together
as introduced above in Figure 1(a), we built our optical system with the assistance of Lastek in Adelaide, to
measure the laser performance. The experimental setup is shown in Figure 2.

Figure 2. Experimental setup without the integration of optics.

3. EXPERIMENTAL RESULTS

Based on the experimental setup shown in Figure 2, we applied an electrical signal to the liquid crystal cell with
the repetition rate of 5 kHz and a peak-to-peak voltage of 30 V and a pulse duration of 4 µs. In our experiments,
we observed a stable train of Q-switched laser pulses with a pulse width of 45 ns, and the measured average
output power was more than 4.5 mW, when the pump power of laser diode at 976 nm was 350 mW. The response
of device to the applied signal is shown in Figure 3(a) and an oscilloscope trace of the Q-switched laser pulses is
shown in Figure 3(b).

Figure 3. (a) Optical losses controlled by the applied signal (2 µs) and (b) generated Q-switched laser pulse.
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