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Abstract: The design of a LiNbO3/SisN4-bilayer vertical coupler is proposed based on adiabatic
transition from a thick-SisNa strip waveguide to a LiNbO3/thin-SisN4 striploaded hybrid waveguide
having a gross coupling loss of ~0.08 dB.

1. Introduction

Heterogeneous integration of LiNbO3 on SisN4 provides efficient modulation and second-order nonlinearity to ultra-
low-loss photonic integrated circuits [1,2]. LiNbOs is difficult to etch so striploading the LiNbO3 with SisN4 to create
a waveguide (Fig. 1(d-iv)) can be an attractive way of realizing the platform. However, due to the lower refractive
index of SisN4 (~1.99) with respect to LiNbO3 (~2.21) it is not possible to confine the light in the SisNs when the
LiNbOs film is present which means that adiabatic tapers and low loss transitions between areas with and without
LiNbOs is challenging [3,4]. In this paper, we propose the design of a vertical mode converter where a LiNbOj3 thin
film is wafer bonded on two stacked layers of stoichiometric SisNs. Simulation results show that, the vertical mode
transition can be achieved with a loss as low as ~0.04 dB.

2. LiNbOs/SisNs-Bilayer Structure

The wafer structure investigated is shown in Fig 1(a) and is realized by wafer bonding a 300 nm LiNbOj3 thin film on
a two-layer SisN4 wafer. After chemical mechanical polishing (CMP), the thickness of this SiO, bonding layer
becomes 100 nm. Both the SisN4 layers are deposited using the low-pressure chemical vapor deposition (LPCVD)
technique. The bottom SisN4 (740 nm) layer is thicker than the top SisN4 (200 nm) layer and suitable for nonlinear
photonics [5]. A 300 nm SiO; layer deposited by LPCVD separates these two SisN4 layers. The bottom SisN4 layer is
used to fabricate the strip waveguide whereas the top SisN4 layer and the wafer bonded LiNbO3 layer together creates
a striploaded waveguide (Fig 1(a-iv)).

The coupler can be divided into 4 sections along the propagation direction. Fig. 1(c) shows the lateral view of a
single side of the coupler. Section-1 consists of only the thick-SisN4 strip waveguide. Section-2 minimizes the
reflection between the pure SisN4 area and the hybrid strip-loaded geometry, and relaxes the alignment requirements
between the bonded LiNbOs film and the bilayer SisN4 structure. Section-3 is the actual vertical coupler where the
mode transition occurs. Section-4 is the LiNbOs3 on thin-SisN striploaded waveguide.

3. Mode Transition Mechanism & Simulation Results

The optical mode in the thick-SisN4 strip waveguide (Section-1) is shown in Fig. 1(d-i). While propagating from the
Section-1 to Section-2 a very small portion of optical field is exposed to the LiNbO5 thin film which is visible from
both the mode field shown in Fig. 1(d-ii) and the field profile along the propagation direction shown in Fig. 1(c-i).
The amount of field leakage to LiNbOs3 in Section-2 is so small that the power loss for mode transition from Fig. 1(d-
i) to Fig. 1(d-ii) is almost negligible. The vertical adiabatic transition of the mode occurs in Section-3. The width of
the thick-SisNy strip waveguide is 2 pum which is linearly tapered down to 200 nm whereas the width of the thin-SizNa4
is fixed to 1.5 um. Fig. 1(b) depicts the top view of the coupler where the taper can be easily seen. From Fig. 1(f) it is
clear that, when the width of the thick-SisN4 narrows down to ~1.4 pm the effective index of the thick- SisN4 strip
waveguide (with LiNbOs misalignment) matches with the mode of the LiNbOs/thin-SizN4 stripload hybrid structure.
In Fig. 1(d-iii) the optical field distribution of the mode is shown. The thick-SisNa strip waveguide is further narrowed
down to 200 nm to fully transfer the mode to the LiNbOs/thin-SisN4 hybrid structure. The mode field looks like Fig
1(d-iv) when the optical field propagates to the end of the taper (starting point of Section-4). Fig. 1(c-ii) shows the
smooth transition of the mode from the thick-SizNa4 layer to the LiNbOs/thin-SisN4 hybrid structure. A length sweep
was performed for the taper (Section-3) which is shown in Fig. 1(e). The optical loss for a taper length of 700 pum is
~0.04 dB.
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Fig. 1: (a) 3D image & (b) top view of the vertical coupler. (c) Lateral view of the coupler. Inset (i) & (ii) shows the lateral electric field distribution
when the light enters from Section-1 to Section-2 & Section-2 to Section-3 respectively. (d) Mode field at different positions of the coupler (i, ii,
iii & iv). (e) Transmission coefficients of a single side of the coupler for different coupling lengths and different SiO, thicknesses. (f) Effective
index matching condition.

4. Tolerance to Fabrication Imperfections
The performance of the coupler was investigated as function of the fabrication uncertainty of the polished layers, i.e.
the distance between the two SisN4 layers and the top SisN4 and LiNbOs. Results are shown in Fig. 1(e) and shows a
0.11 dB tolerance of 100 nm for both layers.

5. Summary
We designed an ultra-low loss LiNbOs/SisNs-Bilayer Vertical Coupler which does not require etching of LiNbOs. A

total coupling loss of ~0.08 dB for a taper length of 700 um was calculated from the simulations.
This work is supported by the Swedish Research Council (VR) under the iTRAN project, Danish National Research Foundation (DNRF) & the
Silicon Photonics for Optical Communication (SPOC) center of the Technical University of Denmark (DTU).

6. References

[1] Lundberg, L.; Karlsson, M.; Lorences-Riesgo, A.; Mazur, M.; Torres-Company, V.; Schréder, J.; Andrekson, P.A. Frequency Comb-Based
WDM Transmission Systems Enabling Joint Signal Processing. Appl. Sci. 2018, 8, 718.

[2] 1. Krasnokutska, J. Tambasco, X. Li, and A. Peruzzo, "Ultra-low loss photonic circuits in lithium niobate on insulator," Opt. Express 26, 897-
904 (2018).

[3] L. Chang, M. Pfeiffer, N. Volet, M. Zervas, J. Peters, C. Manganelli, E. Stanton, Y. Li, T. Kippenberg, and J. Bowers, “Heterogeneous integration
of lithium niobate and silicon nitride waveguides for wafer-scale photonic integrated circuits on silicon," Opt. Lett. 42, 803-806 (2017).

[4] A. Ahmed, A. Mercante, S. Shi, P. Yao, and D. Prather, "Vertical mode transition in hybrid lithium niobate and silicon nitride-based photonic
integrated circuit structures,” Opt. Lett. 43, 4140-4143 (2018).

[5] Z. Ye, K. Twayana, P. Andrekson, and V. Torres-Company, "High-Q SisN, microresonators based on a subtractive processing for Kerr nonlinear
optics," Opt. Express 27, 35719-35727 (2019).



