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Ultra-Low Loss and Large Bandwidth Fiber-to-Chip
Edge Coupler for Aluminum Oxide Photonic

Platform at UV-Visible Wavelengths
Chupao Lin , Max Kiewiet , Robin R. Petit , Jolien Dendooven , Nicolas Le Thomas ,

Christophe Detavernier , and Bart Kuyken

Abstract—Achieving low-loss coupling between single-mode
fibers and photonic integrated circuits plays a crucial role in
emerging enabling technologies including quantum information,
advanced imaging, and precision metrology. High coupling ef-
ficiency in the UV/visible spectrum remains challenging due to
the small waveguide dimensions at shorter wavelengths. Here, we
present an ultra-low loss edge coupler made of a SiOx/AlOx mode
converter. The coupling loss between a standard single-mode fiber
and an AlOx waveguide below 0.31 dB and 0.62 dB is experimen-
tally demonstrated at a working wavelength of 375 nm and 405 nm,
respectively. The design exhibits a large bandwidth of 110 nm
below 2.6-dB loss over the entire operating wavelength range of the
single mode fiber, as obtained from the simulation. This coupler not
only facilitates low-loss fiber-to-chip coupling but also significantly
reduces spurious light scattering, making it particularly valuable
for applications in PIC-based far-field advanced microscopy and
trapped-ion quantum information systems.

Index Terms—Edge coupler, photonic integrated circuits, spot
size converter, aluminum oxide, UV, visible.

I. INTRODUCTION

U LTRAVIOLET (UV) and visible light are critical for en-
abling light-matter interaction for applications such as

quantum information processing [1], precision metrology [2],
and life sciences [3]. Traditional photonic platforms based
on silicon nitride (SiNx) and silicon are well-established but
suffer from high material absorption in the short visible and
UV spectral ranges, limiting their applicability. Recent ad-
vances in photonic integrated circuits (PICs) using amorphous
and polycrystalline AlOx address this gap, as AlOx offers a
broad transparency spectrum extending from the UV to in-
frared wavelengths and is compatible with complementary
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metal-oxide-semiconductor (CMOS) fabrication processes [4],
[5], [6]. While PICs have been extensively utilized for telecom
and datacom applications in the near-infrared [7], [8], [9], [10],
their development at UV and short visible wavelengths is still
in its early stages. Beyond the advantages of low cost and
scalability for mass production, PICs surpass bulk optics in
robustness and compactness, making them highly attractive for
emerging applications. AlOx-based PICs, in particular, show
promise for diverse fields, including UV far-field autofluores-
cence structured illumination microscopy [5], [11], quantitative
phase imaging [12], and trapped ion addressing [13], [14]. These
advancements highlight the transformative potential of AlOx

PICs for UV-visible applications, enabling new possibilities in
precision optical systems.

The typical methods for fiber-to-chip coupling in photonic
platforms are grating couplers and edge couplers. However,
achieving high coupling efficiency via a grating coupler on an
AlOx photonic platform presents significant challenges. One pri-
mary issue is the relatively low refractive index contrast between
AlOx and SiO2 cladding (0.21–0.32), which limits the coupling
efficiency of grating couplers to approximately 10%. Addition-
ally, controlling the SiO2 film thickness with high precision is
crucial at shorter wavelengths to enhance coupling efficiency by
leveraging back reflection from the silicon substrate, making
this method technically demanding. Silicon exhibits a high
absolute refractive index (e.g., n = 6.84 at λ = 375 nm) at UV-
visible wavelengths. This results in substantial light reflection at
the SiO2/Si interface, which interferes with light coupled into
the grating. To achieve constructive interference and maximize
coupling efficiency, the thickness of the buried oxide needs
to be controlled with a precision of ≤ 50 nm. Due to these
limitations, most fiber-to-AlOx integrated waveguide coupling
at UV-visible wavelengths is currently achieved using edge
coupling. Due to the significant mode mismatch, the coupling
loss between the single-mode fiber and the AlOx waveguide is
high, reaching approximately 8 dB at λ = 375 nm. To enhance
coupling efficiency, advanced taper designs such as adiabatic
tapers and double-tip tapers have been proposed. These designs
have demonstrated improved performance, achieving coupling
losses of 6.7 dB [15] and approximately 3 dB at λ= 405 nm [16],
respectively. Edge coupling remains the preferred approach for
UV-visible wavelengths, offering a more practical solution for
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Fig. 1. Illustration of the edge coupler made of SiOx and AlOx. The insets
show the evolution of the modal profiles along the length of the edge coupler.

high-efficiency fiber-to-chip coupling in AlOx-based photonic
platforms.

In this work, we demonstrated an ultra-low loss and broadband
edge coupler based on a SiOx/AlOx mode converter. The edge
coupler is optimized for maximizing the coupling efficiency
between an AlOx waveguide and a standard single-mode fiber
(SM300, Thorlabs). A coupling loss of 0.31 dB and 0.18 dB
is achieved at a wavelength of 375 nm for transverse electric
(TE) and transverse magnetic (TM) polarizations, respectively.
At a wavelength of 405 nm, the values are 0.29 dB and 0.62 dB,
respectively. These findings align with the simulation outcomes.
Additionally, the edge coupler has a coupling loss below 2.6 dB
across the entire operating wavelength range of a single-mode
fiber, spanning from 320 nm to 430 nm. It is anticipated to
serve as a pivotal component in the development of low-loss
fiber-to-chip coupling in the UV and short visible range for AlOx

photonic integrated platforms.

II. PRINCIPLE AND SIMULATION

The schematic of the edge coupler is depicted in Fig. 1. The
light is coupled from the SM fiber, which is commercially avail-
able from Thorlabs and has a working wavelength ranging from
320 to 430 nm, to a SiOx waveguide. The SiOx layer is deposited
by inductive plasma enhanced-chemical vapor deposition (ICP-
CVD). The refractive index of the SiOx (1.480) is slightly higher
than that of SiO2 thermally oxidized on a silicon wafer (1.476),
enabling the formation of a weakly confined optical mode in
the ICP-CVD SiOx, as shown in Fig. 2(a). Subsequently, light is
transferred from the ICP-CVD SiOx waveguide to a single mode
AlOx waveguide through an AlOx adiabatic taper functioning as
a mode converter. The SiOx layer also serves as the top cladding
for AlOx waveguides. This edge coupler efficiently transitions
light from the optical mode of ∼2.3 x 2.3 μm in an SM fiber
to a confined mode of 0.45 x 0.12 μm in AlOx waveguide. The
evolution of the mode profiles across the fiber, ICP-CVD SiOx

waveguide, adiabatic taper, and AlOx waveguide is illustrated
in the insets of Fig. 1.

Mode overlapping between the optical fiber and the SiOx

waveguide is one of the critical parameters for achieving high
coupling efficiency and minimizing spurious light scattering

Fig. 2. (a) Optical dispersion curves of ALD-AlOx, ICP-CVD SiOx, and
thermally oxidized SiO2. (b-c) Coupling loss maps between a single mode fiber
and SiOx waveguide for TE-polarized and TM-polarized light, respectively.

from the input. Greater mode overlap results in more light being
coupled into the SiOx waveguide, thereby reducing light scat-
tered into free space. In certain applications such as PIC-based
advanced microscopy [11] and PIC-based trapped ion quantum
information [13], scattered light can significantly contribute to
background noise, especially when the area of interest is posi-
tioned a few to hundreds of micrometers above the chip plane.
In this work, a MODE solver (Ansys Lumerical) is employed to
analyze the coupling loss due to mode mismatch. The refractive
index of the fiber core and cladding, provided by the supplier,
are 1.4731 and 1.4673, respectively, at a working wavelength of
375 nm. The fiber core diameter is approximately 2.3 μm. To
optimize coupling efficiency, the width and height of the SiOx

waveguide are systematically varied in 100 nm steps, ranging
from 2.8 to 3.8 μm for the width and from 2.1 to 3.1 μm for
the height. Due to the circularly antisymmetric geometry of the
SiOx waveguide, the coupling loss is polarization-dependent, as
shown in Fig. 2(b) and (c). Since TE polarization light is more
commonly used in photonic integrated circuits, the waveguide
dimensions are optimized to minimize the coupling loss for TE
polarization in this work. The lowest coupling loss of 0.1 dB for
TE-polarized light is achieved with a waveguide dimension of
3.4 μm x 2.6 μm, while the coupling loss for TM-polarized light
under the same conditions is 0.27 dB.

Coupling light from the SiOx waveguide to the AlOx wave-
guide is facilitated by an AlOx taper, simulated using an eigen-
mode expansion (EME) solver (Ansys Lumerical). Fig. 3(a)
illustrates the relationship between the taper length and the
coupling loss from the fiber to the AlOx waveguide. The taper
width transitions linearly from 50 nm to 450 nm, matching the
width of the AlOx waveguide. The coupling loss converged at a
taper length of 350 μm, reaching a minimum value of 0.15 dB
for TE-polarized light and 0.28 dB for TM-polarized light. The
edge coupler demonstrates high tolerance to fiber displacement
for both TE and TM modes, as shown in Fig. 3(b) and (c). The
dashed circular lines indicate that the coupler maintains a low
loss of 1 dB and 3 dB for fiber displacements of ± 500 nm and
± 1 μm, respectively. Additionally, the coupler exhibits high
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Fig. 3. (a) Relationship between the coupling loss of the edge coupler and
the AlOx taper length. The red and black lines represent the cases for TE and
TM modes, respectively. (b-c) Maps of coupling loss as a function of the lateral
and axial displacement of the optical fiber for TE and TM modes, respectively.
(d) Relationship between coupling loss and the tip width of the AlOx taper for
TE (red line) and TM (black line) modes, respectively. (e) Optical dispersion of
guided modes in AlOx waveguides and thermally oxidized SiO2.

tolerance to tip width variation caused by fabrication errors, as
depicted in Fig. 3(d). Due to processing discrepancies between
the designed and fabricated feature sizes, robustness to dimen-
sional variations is critical. The coupler maintains a low insertion
loss below 1 dB for both TE and TM polarizations when the tip
width varies between 10 nm and 90 nm.

The optical dispersion characteristics of the guided modes
in the SiOx waveguide were analyzed using a MODE solver,
revealing its operational bandwidth (Fig. 3(e)). The waveguide
supports guided modes within a wavelength range of 250 nm
to 500 nm, as the mode remains confined when the effective
index exceeds that of the cladding. The simulation results for
the device’s bandwidth are compared with experimental data in
the Measurement Section.

III. FABRICATION

The fabrication of the edge coupler is illustrated in Fig. 4,
consisting of two primary steps to sequentially pattern AlOx

and SiOx waveguides. The process begins with a bare silicon
wafer onto which a 120 nm-thick AlOx thin film is deposited
using ALD technique using the trimethylaluminum (TMA) and
H2O precursors at 300 oC. Subsequently, A layer of SiNx is
deposited on top of the AlOx via plasma-enhanced chemical
vapor deposition (PECVD) at 270 oC, serving as a hard mask
for the AlOx etching step. To pattern the SiNx layer, an e-beam
resist (ARP 6200.09) is spin-coated onto the chip and exposed
using e-beam lithography (Raith Voyager). After the resist de-
velopment, the SiNx layer is etched in reactive ion etcher (RIE)

Fig. 4. Process flow of the edge coupler fabrication for the AlOx photonic
platform.

Fig. 5. (a) Optical image of a spiral waveguide. (b) Scanning electron micro-
scope (SEM) image of the cross-section of an ICP-SiOx waveguide, (c) SEM
image of the top view of an AlOx taper tip.

using a fluorine-based gas mixture (CF4/SF6/H2). The pattern
of SiNx is then transferred to the underlying AlOx layer via
inductively coupled plasma-reactive ion etching (ICP-RIE) with
a chlorine-based etching gas mixture (BCl3/Cl2/Ar). Once the
SiNx hard mask is removed to avoid strong material absorption
at UV and visible wavelength range, the fabrication of the AlOx

waveguide is completed. The fabrication of SiOx waveguide
begins with the deposition of a 2.6 μm-thick SiOx layer using
an ICP-CVD tool. A chromium (Cr) hard mask is then prepared
through a lift-off process, where Cr is deposited by e-beam
sputtering. The SiOx layer is deeply etched using an ICP-RIE
tool, with the Cr mask defining the etch pattern. Finally, the Cr
hard mask is removed using a chromium etchant, completing
the SiOx waveguide fabrication.

A spiral waveguide is incorporated into the mask layout to
measure the propagation loss of the AlOx waveguide, as shown
in Fig. 5(a). The spiral features a bend radius of 100 μm to
minimize bending losses. The cross section of the SiOx wave-
guide, after the removal of the Cr mask, is imaged using scanning
electron microscopy (SEM) and shown in Fig. 5(b). The SiOx

waveguide is designed with dimensions of 3.4 μm wide and
2.6 μm high. Due to the 83o-angled sidewalls formed during the
deep-etching process, the width at the top surface is narrowed
to approximately 3.0 μm. Fig. 5(c) shows the SEM image
of the top view of the AlOx taper tip. The fabricated width of
the taper tip is 61.6 ± 4.6 nm, demonstrating good alignment
with the design specifications.

IV. MEASUREMENT

The propagation loss of the single mode AlOx waveguide is
estimated by analyzing the relationship between the scattered
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Fig. 6. (a-b) Measured scattered light from a spiral waveguide with TE- and
TM-polarized light at λ = 375 nm, respectively. The purple lines in (b) indicate
the area where the intensity of scattered light is extracted for propagation loss
analysis. (c) Relationship between the log-scale intensity of the scattered light
and propagation length for TM-polarized light. (d) Measured (top) scattered
light from the edge coupler and simulated (bottom) intensity profiles of light
in the edge coupler. (e) Relationship between the coupling loss and wavelength
for TE- and TM- polarized light, respectively. Circles and squares represent
simulation results. Stars and pentagons indicate measured data.

light intensity and the propagation length [5], [17], [18]. Two
diode lasers are used for the measurement, one with an emission
wavelength of 375 nm (bios375-20fc, elite optoelectronics co.
ltd) and the other at 405 nm (LP405-SF10, Thorlabs). Light
is coupled from a cleaved single-mode fiber into the AlOx

waveguide, with polarization controlled via a fiber polarization
controller. The optical fiber is tightly aligned with the edge of
the photonic chip, effectively eliminating light reflection at the
interface between the fiber and the edge coupler. The sidewall
roughness of the AlOx waveguide (∼ a few nm) is significantly
higher than that of the top surface roughness (∼ 0.3 nm).
Consequently, TE-polarized light, which interacts more strongly
with the sidewalls, exhibits higher scattering than TM-polarized
light, as shown in Fig. 6(a) and (b). Due to the high propagation
loss of the AlOx waveguide, the light is not able to propagate
through the full 1.5 cm length of the spiral waveguide. Scattered
light intensities are extracted along the propagation direction,
as indicated in Fig. 6(b), and are plotted in Fig. 6(c). The
intensity is averaged over 5pixels perpendicular to the propa-
gation direction of the light to minimize the impact of imaging
aberration. The propagation loss is obtained by performing a

linear fit to the measured log-scale intensity, with a value of
12.02 ± 0.38 dB/cm and 12.01 ± 0.20 dB/cm for TE and TM
polarization, respectively. ALD AlOx has been demonstrated to
be low loss in the UV range. The relatively high propagation loss
is attributed to the sidewall scattering and material absorption,
which can be improved by optimizing the etching and deposition
recipes. Fig. 6(d) presents an optical image of the scattered
light from the edge coupler (top) alongside a simulation of light
propagation through the edge coupler (bottom). Since both the
fiber mode and the SiOx waveguide mode are relatively large
(∼ μm x ∼ μm), the light scattering induced by the surface
roughness is minimal. However, in the AlOx taper region, where
the light transitions from SiOx into AlOx, the mode is confined
in a smaller cross-section, increasing its interaction with the
AlOx sidewalls and thereby enhancing scattering. The optical
image shows a gradual increase in scattered light intensity along
the propagation length, which aligns well with the simulated
intensity distribution shown in the bottom image in Fig. 6(d).

In the measurement, an averaged output power are obtained
by characterizing two devices. The coupling loss of the edge
coupler, αEC, is determined by the input power Pin, the output
power accounting the photonic chip’s insertion loss Pfpf, and
the propagation loss of the AlOx waveguide αPIC (in dB) over
a given length. The coupling loss is calculated as: αEC =
−10*log(Pfpf/Pin)-α PIC. At a working wavelength of 375 nm
with TE polarization, the measured input power Pin is 3.5 mW
and the output power Pfpf is 0.61 mW. Based on the propagation
loss from Fig. 6(c) and a propagation length of 0.58 cm, the
coupling loss is estimated to be 0.31 dB/facet. The standard
error is ± 0.22 dB, attributed to the standard error from the
linear fitting. Similarly, for TM polarization, the coupling loss
is calculated as 0.18 ± 0.11 dB/facet. In addition, to validate the
broadband operation of the edge coupler, measurements were
also performed at a visible wavelength of 405 nm. The resulting
coupling losses were 0.29 ± 0.16 for TE mode and 0.62 ±
0.14 dB/facet for TM modes. These experimental data align
well with the simulation results, as shown in Fig. 6(e). The red
and black solid curves in Fig. 6(e) represent the coupling loss
variation with wavelengths for TE and TM modes, respectively.
The low-loss edge coupler exhibits a wide bandwidth that spans
the operating wavelength range of single-mode fiber, achieving
coupling losses of less than 2.6 dB per facet from 320 to 350 nm
and below 1.0 dB per facet from 350 to 430 nm. The coupling
loss gradually increases at wavelengths from 430 nm to 500 nm
due to mode mismatch loss between the fiber and the SiOx

waveguide. The coupling loss increases at a shorter wavelength
below 350 nm due to the increasing mode mismatch at the
interface between the SiOx waveguide and the AlOx taper. This
broadband spectrum covers many critical wavelengths required
for quantum information and advanced life science applications,
such as dual-comb gas spectroscopy (344 nm, 388 nm) [19],
[20], Y b+ ion addressing (369.5 nm, 435.5 nm), and Sr+ ion
processing (422 nm, 405 nm) [21]. Table 1 summarizes recent
edge coupler designs for the UV and visible spectral regions. To
the best of our knowledge, this work achieves the lowest reported
coupling loss at a visible wavelength of 405 nm and demonstrates
the first edge coupler operating at a UV wavelength of 375 nm.
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TABLE I
COMPARISON OF EDGE COUPLER DESIGNS AT UV AND VISIBLE WAVELENGTHS

V. CONCLUSION

In conclusion, We have proposed an ultra-low-loss edge
coupler that operates effectively across the UVC and visible
spectrum, demonstrating its viability at wavelengths of 375 nm
and 405 nm. The proposed design exhibits robust fabrication
tolerance, maintaining a coupling loss below 1 dB for both TE
and TM modes, even with taper tip width variations between
10 nm and 90 nm. Additionally, the edge coupler shows high
displacement tolerance, with a coupling loss threshold of 3 dB
for fiber misalignments up to 1 μm. The coupling losses of
0.31 dB/facet for TE mode and 0.18 dB/facet for TM mode were
achieved experimentally, in good agreement with the simulated
values of 0.15 and 0.28 dB/facet, respectively. This edge coupler
is expected to serve as a critical building block for UV/Vis
photonic integrated platforms, particularly for applications such
as PIC-based trapped-ion quantum computing and advanced mi-
croscopy, where efficient light coupling, minimal optical losses,
and the reduction of spurious light above the chip plane are
essential.
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