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Abstract: We demonstrate a Ta20s photonic platform with a propagation loss of
0.5dB/cm and a thermo-optic coefficient of 2.3x10-6/K at 1550 nm. The process
temperature is below 350°C, friendly to integration with other optoelectronic
components. © 2024 The Author(s)

1. Introduction

Integrating low-loss photonic platforms with active materials such as lithium niobate [1], 1lI-V
compound semiconductors [2], and phase change materials [3], equips passive lightwave circuits with
unprecedented functionalities. However, the monolithic integration of optoelectronic and passive
photonic components is hindered by the high-temperature processes that are often required in low-loss
photonic platforms. For example, ultra-low-loss SisN4 photonic platforms [4,5] rely on annealing
processes that are over 1050 °C, which restricts these platforms to be used in the front-end-of-line
processes only. Thus, it is necessary to search for alternative photonic platforms that can be fabricated at
low temperature with comparable technical performance. In recentyears, Ta20s emerged as a promising
candidate material to address the problem. Progress has been achieved in developing low-loss Ta20s
waveguides [6,7], but there lacks a systematic study of the loss origins in a wider spectral range, leaving
little guidance to further improve the propagation loss performance.

In this work, we report a CMOS-compatible and low-loss Ta2Os integrated photonic platform using a
wafer-scale low-temperature process. We measure a loaded Q factor of 4.2 < 105 from a 2 mm-radius
Ta20s micro-ring resonator at 1550 nmwavelength, corresponding to a propagation loss of 0.5 dB/cm.
The thermo-optic coefficient of Ta20sis extracted to be 2.3x<10%¢/K, 11 times smaller than that of the
SisN4. Thermal bistability measurement is performance in the entire C-band for the firsttime, to the best
of the authors’ knowledge. The results demonstrate the potential to reach even lower propagation loss
down to 0.1 dB/cm.

2. Device Fabrication and Propagation Loss Characterization

A 90 nm-thick Ta20s film is deposited via ion beam sputtering on a 5 um-thick thermal oxide substrate
and patterned using contact lithography, and subsequently cladded with a 5 pm-thick 350 °C PECVD
SiO2 upper cladding. The waveguide core width is 2.8 um to ensure the single TE mode operation at this
thickness. The ring resonator hasa radius of 2 mm with a ring-bus waveguide coupling gap of 1.25 pm.
The transmission spectra of the resonator are measured by directly tuning the laser wavelength, and are
fitted with Lorentzian curves to extract the loaded Q factors. Shown in Fig. 1(b), the free spectral range
(FSR) around 1550 nm is 0.12 nm, corresponding to a group index of 1.595. The full width at half
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maximum (FWHM) of one resonance (Fig. 1(c))is fitted to be A1 =3.69 pm, yielding a loaded Q factor
to be Qi = Ares/AL=4.2 x105. The propagation lossand the intrinsic Q factor are thus derived to be ~0.5
dB/cmand Qi =5.7 <105, respectively. The propagation loss and the loaded Q factor exhibit wavelength
dependency asshownin Fig. 1(d). The propagation loss isabove 1 dB/cmwhen the wavelength is shorter
than 1500 nm, but decreases as the wavelength increases, and reaches down to 0.4 dB/cmat 1572 nm.
The loaded Q factor shows the opposite trend as expected. The reason for the wavelength dependency is
likely due to the material loss which will be examined and analyzed shortly.
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3. Thermal Response

The waveguide temperature sensitivity is characterized by tracking the resonant wavelength of the same
azimuthal mode at different temperatures (Fig. 2(a)). The temperature dependent wavelength shift
(TDWS) is measured to be 5= 9.69 pm/K, which is a consequence of both the thermal expansion (TE)
effect and the thermorefractive (TR) effect. The TDWS for the Ta20s resonator is smaller than the SisNs
based resonant device [8]. Following the method in Ref. [9], we extract the thermo-optic coefficient of
Ta20s to be 2.3 x10-6 /K, which is nearly 11 times smaller than that of the SisN4 [10].
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4. Propagation Loss Analysis

To investigate the loss origins of the Ta20s waveguide, we performed a thermal bistability measurement
[4,5,11] on this resonator, through which a linear relationship between the resonance frequency shift
Af..s and the on-chip power P, can be observed (Fig. 3(a)). The measured thermal susceptibility,
definedas y, = Afres/Pg 15 23.27 MHz/mW, where Py = P, (1 — T..s) is the dropped power, Ty
is transmission at the resonance wavelength. The fraction of the absorbed power can be calculated as
& = xw/BRun, Where R, =28.3 K/W is the thermal resistance which is obtained from a finite-element

(FEM) simulator. With g equal to 1.1651 GHz/K, the fraction of the absorption power is estimated to
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be 70%, demonstrating that a significant amount of optical power is dissipated through material
absorption. The propagation loss stemmed from material absorption and radiation (non-absorption) are
plotted over a wavelength span from 1530 nmto 1570 nm. Shown in Fig. 3(b), the absorption-induced
propagation loss gets reduced as the wavelength becomes longer. Substituting the current PECVD SiO;
upper claddingby low-absorption SiO, materials, such as the sputtered SiO2 [6] or the thermal oxide [12]
may further reduce the total propagation loss down to 0.1 dB/cm.
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In conclusion, we demonstrated a CMOS-compatible, low-loss and thermal-stable Ta»Os integrated

photonic platform using a low-temperature fabrication process without advanced lithographic tools or

deuterated materials. The material absorption fraction of Ta20s waveguides is studied in the entire C-

band for the first time, to the best of the authors’ knowledge. The waveguide propagation loss could be

reducedto 0.1 dB/cm by properlyaddressingthe oxide cladding material absorption issue, demonstrating

a great potential for power delivering and high-Q resonance applications.
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