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Abstract: We present the latest results on heterogeneously integrated mode-locked lasers
on a commercial SiN platform. Both O- and C-band operations were achieved on a single
chip by integrating GaAs- and InP-based gain materials. © 2025 The Author(s)

1. Introduction

Silicon photonics enables the realization of highly miniaturized and scalable optical systems on a single chip. In
recent years, silicon nitride (SiN) has emerged as a promising platform because of its ultralow waveguide loss
(less than 1 dB/m). Moreover, SiN offers a lower thermo-optic coefficient and negligible two-photon absorption,
making it well-suited for high-power and ultrafast photonic devices. The continuous development of SiN photonic
integrated circuits (PICs) has led to their commercialization, offering a suite of high-performance components.
Despite various challenges, the integration of active functionalities such as optical amplifiers and on-chip light
sources is rapidly progressing. These advancements are achieved through diverse integration strategies, includ-
ing flip-chip bonding, micro-assembly, die/wafer-to-wafer bonding, micro-transfer printing, and heteroepitaxial
growth. Among these approaches, micro-transfer printing (µTP) is a highly versatile technique for transferring
thin-film devices [1]. In this work, we demonstrate mode-locked lasers operating in both the C- and O-bands on
a single chip. The C-band operation is achieved using InP-based amplifiers, while the extension to the O-band
is accomplished by integrating GaAs-based amplifiers. Both lasers exhibit promising comb performance. Poten-
tially, multiple wavelength ranges can be co-integrated in the same way [2], opening up new opportunities for
telecommunications, LiDAR, optical atomic clocks, and precision spectroscopy applications.

2. Heterogeneous Integration

Fig. 1. (a) Schematic cross-section of the SiN platform with integrated gain materials, microscope
image of the O-band laser (b), C-band laser (c), and zoomed-in view on alignment (d).

The large refractive index contrast between the SiN and III-V materials makes direct evanescent coupling im-
practical. Achieving the phase-matching condition requires III-V taper tips with widths well below 100 nm, which
is not feasible with current fabrication techniques. To address this issue, an intermediate Si layer has proven to be
an effective index-matching solution [3, 4]. In this work, we extended a commercial SiN platform featuring two
SiN device layers by incorporating an additional layer of polycrystalline Si (Poly-Si), as shown schematically in
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Fig. 1(a). This extended platform was manufactured at a commercial PIC foundry. Transfer printable III-V coupons
were fabricated on their native substrates. More process details can be found in our previous works [2,5]. Both O-
and C-band lasers were designed based on a ring-type extended cavity topology, where two counter-propagating
pulses collide in the saturable absorber. In each round trip, approximately 25% of the light is extracted from the
cavity to the grating coupler. Fig. 1(c) and (d) show the fabricated O- and C-band lasers respectively, while Fig.
1(d) provides a zoomed-in view, depicting accurate lateral alignment between the µTP III-V amplifier coupon and
the underlying Poly-Si waveguide.

3. Laser characterization

Fig. 2. (a) Light-current-voltage curve at 18 °C, optical spectrum (b) and RF spectrum (c) captured
at mode-locked point.

The PIC was placed on a temperature-controlled stage at 18°C for characterization. Both lasers deliver milliwatt-
level waveguide-coupled output power, which is sufficient for most on-chip applications. Fig. 2 (b) presents the
optical spectrum, with the O-band in blue and the C-band in orange. Although the GaAs-based quantum dots (QDs)
material is expected to provide a broader gain bandwidth, the measured comb bandwidth is narrower. As the first
demonstration, this limitation can be attributed to unintended optical confinement design in the QDs layers, which
can be optimized in future. The mode-locking regime was verified by detecting the beat signal on a photodetector
and recording the RF spectrum, as shown in Fig. 2 (c). The RF linewidth, extracted using a single-sideband phase-
noise measurement, fell within the tens to hundreds of hertz range. Table 1 summarizes the optimal mode-locking
operation points and the corresponding results for both lasers.

Table 1. Optimal mode-locking operation points and corresponding performance

central wavelength current SA voltage optical power optical bandwidth repetition rate RF linewidth
1306 nm 95 mA -2.48 V -4.4 dBm 1.1 nm 5.1 GHz 70 Hz
1537 nm 255 mA -1.83 V -3.5 dBm 1.9 nm 4.3 GHz 400 Hz

4. Conclusion

We have extended a commercial SiN platform with a Poly-Si layer and demonstrated integrated mode-locked lasers
operating in both the O- and C-bands. Both lasers exhibit promising comb behaviour, highlighting the robustness
of our method. This work marks a significant step towards integrating diverse gain materials on a single chip.
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