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Universally self-injection locked photonic integrated laser
with efficient and highly linear piezoelectric actuation

Frequency-agile ultra-low-noise lasers are essential tools in a wide variety of applications, including data
communication [1], light detection and ranging (LIDAR) [2], quantum computing and sensing [3], and optical
metrology [4]. However, legacy laser architectures have not yet overcome the trade-off between exceptional ultra-
low noise and frequency agility. Recent advances in integrated photonics have enabled performance that exceeds
that of conventional laser systems [5]. In particular, self-injection locking (SIL) is an effective and scalable
approach to achieve fiber-laser-level coherence in semiconductor lasers by coupling them to high-Q integrated
microresonators [6]. Furthermore, monolithic integration of piezoelectric actuators onto such photonic integrated
SIL laser platforms allows fast laser frequency tuning via the stress-optic effect without introducing additional
optical losses [5]. State-of-the-art SIL architectures leverage low-loss SizN, cm-long spiral cavities endowed with
aluminum nitride (AIN) piezoelectric actuators, achieving frequency noise below that of commercial fiber lasers,
with Hz-level intrinsic linewidths and frequency agility up to 400 kHz of bandwidth, establishing a performance
point where ultra-low linewidth and fast, linear frequency tuning coexist on a single monolithic PIC platform. State-
of-the-art implementations self-injection locked lasers, however, require precise control of detuning and feedback
phase to access and maintain narrow-linewidth operation, necessitating active stabilization schemes that limit
robustness and hinder practical deployment. Moreover, the tuning efficiencies achieved in the state of the art
(approximately 2.5 MHz/V) remain considerably below the 10-20 MHz/\V demonstrated with lower-coherence
laser architectures.

We demonstrate a photonic integrated self-injection locked laser with universal narrow-linewidth operation
enabled by engineered feedback-phase dispersion, ensuring robust locking across all operating conditions.
Efficient and highly linear frequency tuning is achieved using a dis-aggregated actuator design combined with
AIScN piezoelectric actuation.
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