
Parametric Optimization of Evanescent Coupling in
Hybrid Silicon Nitride–Glass Waveguides

Qian Qing Ng
Photonics Packaging Group

Tyndall National Institute
Cork, Ireland

qianqing.ng@tyndall.ie

How Yuan Hwang
Photonics Packaging Group

Tyndall National Institute
Cork, Ireland

howyuan.hwang@tyndall.ie

Peter O’Brien
Photonics Packaging Group

Tyndall National Institute
Cork, Ireland

peter.obrien@tyndall.ie

Abstract—This study focuses on the evanescent coupling in
photonic integrated circuits between a silicon nitride (SiN) taper
and an ion-exchanged glass waveguide. By adjusting important
design parameters, such as taper width, taper angle, and adhesive
thickness, numerical simulations are used to optimize coupling
efficiency. The coupling behavior is also evaluated for the SiN
taper’s emitter and receiver configurations.

Index Terms—evanescent coupling, SiN waveguide,
ion-exchanged glass waveguide, numerical simulations, coupling
efficiency

I. INTRODUCTION

Due to the latest advancement in photonic integrated circuits
(PICs), this technology is gaining significant attention as a
result of the booming demand for AI data centers, quantum
computing, light detection and ranging (LiDAR), and more
[1].The ability of hybrid waveguide platforms based on
glass substrates to support strong optical confinement, broad
transparency windows, and low-loss optical propagation has
garnered a lot of interest. The geometrical optimization of
SiN-glass waveguides is still a topic of active research despite
the advancements made in this field. Key performance metrics,
such as propagation loss, mode confinement, dispersion
characteristics, and coupling efficiency, are largely determined
by parameters such as taper width, taper angle, adhesive
thickness,and refractive index contrast. Therefore,systematic
investigations into the geometric parameter space are crucial
[2].

II. CONCEPT AND APPROACH

A. Taper tip Optimization

A hybrid SiN–glass waveguide’s effective mode transfer
is highly reliant on a well-designed taper that reduces
optical loss. By enabling gradual mode evolution through
adiabatic mode conversion, the taper minimizes radiation
and scattering when switching between different waveguide
widths. Therefore, to maximize light coupling efficiency
between the tip and the connected waveguide, the tapering
function must be tuned [3]. The basic equation of coupling
efficiency (η) between two overlapping modes can be seen as
below [4].
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where β1, E1(r, ϕ) and β2, E2(r, ϕ) are the propagation
constants (β = neffk0 and k0 = 2π

λ ) and electric
field distributions for the incident and transmitted modes,
respectively [4].

The total loss of the taper can be expressed by the following
functional [5]:

L{w} =
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The Euler-Lagrange differential equation can be solved to
determine the ideal taper function L(w)that minimizes L(w)
[6]:
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B. Adhesive Thickness

According to the paper, reducing the thickness of the
adhesive layer between the fiber array and the waveguide
device greatly minimizes the loss of insertion [7]. Therefore,
in this paper, it was of interest to study whether the
coupling efficiency in waveguide-to-waveguide packaging is
significantly impacted by the thickness of the adhesive layer
between the waveguide facets.

III. SIMULATION AND ANALYSIS

We used FDTD simulations to better understand the
coupling behaviors at 1550 nm wavelength because of its
ability to differentiate directionality. In this study, under the
limitation of FDTD’s computational requirements, we fixed
the thickness of SiN at 0.2 µm, the taper length at 1000
µm, and its refractive index at 1.475. For the glass, we used
estimated values based on Corning data [8]. We assumed
standard material parameters for both Si and SiN at 1550nm
[2].

A. Effect of Taper Width and Angle to Coupling Efficiency

We first studied the taper widths corresponding to their
respective angle designs using FDTD at the receiver, assuming
an adhesive thickness of 1 µm. Fig.1 illustrates the basic
concept of evanescent coupling in SiN-glass waveguides.



Fig. 1. Illustration of the Basic Concept of Evanescent Coupling in SiN–Glass
Waveguides

We tried to vary the taper tip from 0.35 µm (0.01862°)
to 0.65 µm (0.01003°) as shown in Fig. 2 and evaluate its
coupling loss in dB while increasing the taper width. Based
on the simulated results, we can observe that the optimal taper
width with minimum coupling loss is at 0.55 µm (0.01289°)
with -2.7 dB coupling loss. A further increase of taper width
to 0.65 µm (0.01003°) will result in severe coupling losses.
Therefore, it is important to tune the taper width at around
0.55 µm (0.012°). Therefore, we can conclude that finding
the optimal parameters of taper size is crucial in obtaining a
minimal coupling loss.

Fig. 2. Effect of Taper Width and Angle to Coupling Loss

B. Behavior of SiN Waveguides with Different Adhesive
Thicknesses as Emitter and Receiver

Next, we compared the adhesive thickness with 1 µm and
0.1 µm, respectively, for both receiver and emitter. In SiN-glass
waveguide coupling, the adiabatic transition angle allows the
optical mode to gradually transform from one waveguide to
the other without having severe radiation loss. Based on the
simulated results, both Fig. 3 and Fig. 4 show results with
minimized coupling loss by reducing the thickness along with
the taper’s ’effective’ angle, which changed whether it acted as
a receiver or emitter. It indicates that minimizing the adhesive
thickness between the waveguides could effectively help in
reducing the optical coupling loss.

IV. CONCLUSION

In this study, we proposed the geometric optimization work
in terms of taper width, angle, and adhesive through Ansys
Lumerical simulations. Further improvement, such as having

Fig. 3. Effect of Adiabatic Transition Angle as Receiver

Fig. 4. Effect of Adiabatic Transition Angle as Emitter

separate taper designs for both emitter and receiver, could
be analyzed. Adhesive shrinkage and its effects on alignment
and coupling are also interesting. In addition, variations
in the refractive index of ion-glass waveguides provided
by different industry suppliers are expected to strongly
affect the coupling efficiency. Continuous improvement and
refinement of evanescent coupling can significantly address
the complexity of PICs packaging solutions.
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