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Abstract: We demonstrate controllable and reversible spectral tuning of a single quantum
emitter in a silicon photonic integrated circuit, achieving up to 400 pm shift at telecom
wavelength, paving the way for monolithically integrated quantum technologies. © 2024
The Author(s)

Silicon color centers have emerged as a promising platform for quantum communication and computing [1–3],
combining telecom-band emission with the technological maturity and scalability of silicon photonics and CMOS-
compatible nanofabrication processes. Driven by these promising characteristics, substantial progress has been
made in integrating such emitters into photonic nanostructures [2, 4, 5], achieving deterministic emitter formation
[6–8] and enabling the electrical manipulation of emitter ensembles [9]. Quantum information processing relies
on the generation of indistinguishable photons, which requires solid-state emitters to have identical emission
wavelengths. However, the ability to reversibly tune individual emitters remains an open challenge, limiting both
the realization of multiphoton interference and the investigation of the emitter’s intrinsic properties.
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Fig. 1. Suspended cantilever waveguide illustration and emitter spectral tuning. a) Ball-and-stick
model of the G center in a silicon lattice, consisting of two substitutional carbon atoms (orange) and
an interstitial silicon atom (light blue). b) Diagram of the suspended cantilever waveguide, bent via
capacitive actuation for strain control. c) Scanning electron micrograph of the suspended cantilever
terminated by a Bragg reflector. d) Spectral tuning of the G center as a function of applied voltage
(from 0 to 12 V). Dots represent the data points, and the filled curves are the Lorentzian fits.
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Fig. 2. Simulations and experimental data used in the model to determine the emitter’s position in
the waveguide. (a) Coupling efficiency of dipoles at different waveguide positions. (b) Heatmap of
maximum strain in the cantilever as a function of voltage and position along y ([-110] direction).
(c) Fitted SIMS data of carbon distribution in the waveguide, used to estimate G center generation
likelihood. The origin of the coordinate system is defined at the center of the waveguide cross-section
for x and z and at the center of the last tether along the cantilever’s y-axis.

In this work, we experimentally demonstrate the controllable and reversible spectral tuning of a single G center
embedded in an integrated photonic circuit (Fig. 1a). To control the local strain applied to the emitter, we employ
a MEMS suspended cantilever waveguide (shown in Fig. 1b-c) that is capacitively actuated by applying a voltage
between the device layer, through a deposited metal electrode, and the silicon handle ground plane. We drive the
device up to 35 V and observe a maximum wavelength shift of over 100 pm in a reproducible, reversible, and
low-power fashion while maintaining the emission intensity.

By combining the piezospectroscopic model for G centers, dipole orientation coupling to the waveguide
(Fig. 2a), electromechanical finite element method simulations (Fig. 2b), and secondary ion mass spectroscopy
(SIMS) measured carbon distribution (Fig. 2c), we model emitter positions and orientations. Maximum likelihood
estimation is used to analyze potential scenarios for four individual emitters inside the waveguide.

The methods demonstrated here can be readily applied to other color centers in silicon, such as the T center,
enabling broader quantum technology applications. Future work will focus on demonstrating the spectral tuning
of two emitters at the same wavelength, which is essential for achieving the multiphoton interference required for
quantum networking and computing.

This work represents a significant milestone in the physical understanding of these emitters and a crucial step
toward developing large-scale quantum communication and computing systems based on silicon color centers.
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