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Abstract: We propose and validate a new approach for
wideband waveguide grating couplers (GC). The wideband
operation is achieved using a slot waveguide grating struc-
ture above the conventional channel waveguide. With this
slot waveguide grating structure, both the grating strength,
mode effective index and dispersion in the grating region
can be flexibly tuned to enable high coupling efficiency and
wideband operation. 3D FDTD simulations predicted cou-
pling efficiency of —4.08 dB with unprecedented 1 dB band-
width of 229 nm. The experimental result in coupling with
standard single mode fiber in the Cbhand to a lithium niobate
waveguide achieved —4.47 dB coupling efficiency with 1 dB
bandwidth of 171 nm and 3 dB bandwidth of over 200 nm.
The unprecedented wide optical bandwidth is achieved
without using bottom metal reflectors or the etching of grat-
ing structures on the lithium niobate material.
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1 Introduction

Photonic integrated circuits (PIC) can integrate various func-
tional passive and active devices into a single chip with high
density to realize various powerful and functional systems
in a compact chip scale. These compact integrated circuits
can process the photonic signal across multiple dimensions
or channels at high speed with low power consumption.
PIC can be manufactured in high-volume at low-cost, for
various applications including communications, imaging,
optical sensing, quantum information processing, photonic
neural networks, and photonic signal processing. A com-
mon requirement in all these applications is the interface
with optical fibers: typical requirements include low loss,
wideband optical bandwidth coupling, good manufacturing
fabrication tolerances, and tolerance to mechanical mis-
alignment of the fibers with the chip.

Edge couplers and grating couplers are the most widely
used approaches for fiber-chip interfaces. Grating couplers
(GCs) offer several advantages over edge couplers, including
compatibility with! wafer-scale testing, and the avoidance
of the need for waveguide facet polishing. They also typi-
cally have better manufacturing tolerances and are more
robust to mechanical misalignment during manufacturing
and thus they can reduce the cost of the mechanical assem-
bly in photonic packaging. Compact focusing GCs are also
well suited for interfacing with multicore fibers, which is
not easy to achieve using edge couplers. The flexible posi-
tioning on the surface of the chip makes GCs particularly
valuable for large-scale photonic integrated circuits with
numerous inputs/outputs and limited edge space.

The primary limitation of grating couplers in compar-
ison to edge couplers is their narrow bandwidth. Although
volume-manufacturable GCs with sub-decibel coupling loss
have been successfully demonstrated using standard fab-
rication processes in commercial foundries [1] using our
recently demonstrated optimized shift pattern overlay
method [2], [3], their spectral range remains relatively small,
typically with a 1 dB optical bandwidth of only about 30 nm.
This narrow operational wavelength range significantly
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impedes the application of GCs in various photonic tech-
nologies, including coarse wavelength division multiplexing
(CWDM), wideband frequency comb generation, spectro-
scopic sensing, imaging, and beam steering applications.
While edge couplers can be used for wideband coupling
in the aforementioned applications, they require precise
alignment and are highly sensitive to environmental vari-
ations. For stable and high-precision characterization, a
wideband grating coupler is preferred, as it offers relaxed
alignment tolerance and is less affected by environmental
changes. This is crucial for accurate measurements. Addi-
tionally, grating couplers allow testing of the design at the
wafer scale without the need for chip dicing, reducing costs
and enabling faster verification without the complexities of
packaging.

Achieving wideband operation in GCs would not only
benefit the applications that operate with a wider wave-
length range but also enhance coupling stability across a
broader temperature range and improve tolerance to fabri-
cation variations, thereby addressing key challenges in their
implementation and expanding their potential applications
in integrated photonics.

Various methods have been explored to develop wide-
band waveguide grating couplers (WGCs), including sub-
wavelength engineering [4]-[7], low-index materials plat-
form [8], [9], high numerical aperture (NA) fiber coupling
[10], and inverse design methods [11]-[13]. However, most
of these approaches require small features that are typically
fabricated using electron-beam lithography (EBL) [11], [12],
[14]. Additionally, their 1dB bandwidth typically remains
below 100 nm, and realizing wide bandwidth while main-
taining practical manufacturability remains an ongoing
challenge. To solve this problem, we previously developed a
mirror-symmetric wideband GC with 1 dB bandwidth over
100 nm using standard commercial foundry photolithogra-
phy fabrication processes, marking a significant advance in
this field [15], [16].

In this paper, we further improve the optical bandwidth
of grating couplers, propose and experimentally validate a
new and novel approach for wideband waveguide grating
coupler design which can attain wideband coupling with
unprecedented bandwidth of over 200 nm.

We use a vertical slot structure comprising a thin
film of lower index material, implemented here with low-
temperature oxide (LTO) deposition, sandwiched hetween
the higher refractive index underlying waveguide layer and
the upper overlay layer. The low index slot enables flexible
engineering of the effective index and dispersion of the grat-
ing coupler. The slot waveguide not only lowers the effective
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index but also adjusts the dispersion through wavelength-
dependent mode coupling and mode distribution. By pre-
cisely controlling the thickness of the different layers, the
GC's effective index and dispersion can be optimized for
wideband coupling. Besides, the LTO layer thickness can be
designed to engineer the grating strength to realize high
mode matching for high efficiency coupling.

This paper is the first to propose the use of slot waveg-
uide modes and mode coupling in the GC region for the
engineering of wideband grating couplers. Wideband cou-
pling is achieved not just through traditional period and
duty cycle optimization, but also by controlling the different
layer thickness for mode distribution and mode coupling
tuning to engineer both the effective index and dispersion
in the GC region for wideband coupling.

The 3D FDTD simulation predicted a coupling efficiency
of —4.08 dB with a 1 dB bandwidth of 229 nm for a structure
that did not require any use of bottom metal reflector on
the lithium niobate platform. We fabricated the grating and
measured the coupling efficiency to be —4.47 dB and due
to the measurement limitation of our laser, we measured a
1 dB bandwidth 0f 171 nm and 3 dB bandwidth over 200 nm.
The designed GC does not need etching of the lithium nio-
bate (LN), and with its minimum feature size over 210 nm,
the design is robust and suitable for large-volume man-
ufacturing using photolithography and dry etching of the
polysilicon and the oxide layer only. We implemented the
grating coupler on the LN platform. The LNOI has excellent
potential for many applications stemming from its large
linear electro-optic coefficient and suitability for compact,
high-speed, low-loss modulators [17].

2 Grating optimization and
fabrication

Figure 1 shows the 2D and 3D schematics of the proposed
grating coupler on a 300 nm thick Z-cut lithium niobate on
insulator (LNOI) with a 2 pm thick buried-oxide layer. A
low-temperature oxide (LTO) layer was deposited at 420 °C
on the LN layer, followed by a polysilicon layer deposited on
the LTO layer via low-pressure chemical vapor deposition
(LPCVD) at 620 °C. The grating was formed through a fully
etched polysilicon layer. By carefully optimizing the thick-
ness of the LTO and polysilicon layers, along with the grating
parameters, both high coupling efficiency and wideband
performance can be achieved.

The combination of a high-refractive-index polysilicon
layer and an intermediate silicon oxide layer on the LN layer
creates a low-refractive-index slot waveguide [18], [19] in
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Figure 1: Schematic of the wideband grating coupler.
(a) 2D cross-section view. (b) 3D view.

the vertical direction. This design can effectively move the
mode center from the LN layer upwards into the grating
region, and thus increase the grating strength on the low-
index contrast LN platform [20], [21]. Careful optimization
of the LTO and polysilicon thickness can also improve the
directionality of the grating coupler, thus improving the cou-
pling efficiency without the use of bottom mirror or metal
reflectors. Additionally, the LTO thickness provides another
degree to precise control of the grating strength, enabling
good mode matching with better thickness control and high
coupling efficiency.

As for wideband GC, due to the diffraction angle of
the grating coupler being wavelength dependent and fiber
can only receive limited light within its NA, the bandwidth
of the grating coupler can be estimated by multiplying the
derivative of A(0) with a coefficient of 1 dB-bandwidth 7,45
for single mode fiber (SMF), #,45 is about 0.07 for an stan-
dard single mode fiber (SSMF) and only depends on the
properties of the fiber [5]. Based on the phase matching
conditions of the grating coupler:

Konege(4) = Kon, sin 6 + 2zq/A o))

Inthe Eq. (1) ky = 27/ A and ny is the effective index in the
grating region, n, is the refractive index of the cladding, 6 is
the diffraction angle of the grating, q is the diffraction order
(typically equal to 1 for the waveguide grating coupler), A
is the grating period, and the estimated 1 dB bandwidth can
be expressed by

di
Alygp = thas a0
_ —n, cos 6
| (17 (Ag) — . sin 6)/ 4 — dngy (2) /dA
—n, cos 6
= Mg T _d _C dngg(A) @
A A

And the above equation can also be simplified as below [12],
Adygg = r11dB|—/1nC cos 8/(n, — n, sin 9)’ ?3)

Where n, = n,y — Adngy(4)/d4, from Egs. (2) and (3), since
dneff(/l) /dA is negative as light is weakly confined at longer
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wavelength. Increasing the grating coupler’s bandwidth
can be achieved by reducing the waveguide’s group index,
either by lowering the effective index n,; or reducing the
dispersion —dneg;) /dA.

Previous approaches primarily relied on subwave-
length engineering [5] to reduce the effective index or used
low-index material platforms [8] for wideband coupling.
However, these methods generally resulted in low cou-
pling efficiency and 1dB bandwidth of less than 100 nm,
while requiring extremely small feature sizes that typically
require the use of electron beam lithography and not suit-
able for volume manufacturing.

Our proposed structure here can help engineer the
effective index and dispersion simultaneously and avoid the
use of tiny feature sizes, thus making the structure com-
patible with large-volume manufacturing using the deep-UV
photolithography available in many commercial foundries.

As for the dispersion, the light distribution at differ-
ent wavelengths can be controlled with different layer
thickness combinations for dispersion tuning, also the
wavelength-dependent mode coupling strength provides
another degree to modulate the effective index and disper-
sion in the GC region for wideband coupling with precise
layer thickness control.

In summary, the slot waveguide not only can maintain
a high coupling efficiency with a large period, increase the
minimum feature size, and easy to be fabricate, but also
lower the effective index for wideband coupling, and the
wavelength-dependent mode distribution and interaction
between modes in the GC region can be flexibly tuned with
different layer thickness control [19] for effective index and
dispersion engineering in GC region to realize wideband
coupling.

Previous designs primarily adjust the period and duty
cycle to control the effective index in the grating region,
often relying on subwavelength structures to lower the
index. However, these approaches require highly precise
fabrication, which is difficult with standard photolithogra-
phy [5]. In our design, we not only adjust the period and duty
cycle but also introduce a slot waveguide and vary material
layer thickness control to fine-tune the effective index and
dispersion for wideband coupling. The introduced mode
coupling by the slot waveguide structure in the vertical
direction further helps control the effective index and dis-
persion of the GC, and the coupling strength can be precisely
tuned by adjusting the LTO and polysilicon layer thickness
for wideband coupling.

The proposed grating coupler design is grounded in
fundamental physics, rather than simply adding an extra
degree of freedom. The slot structure reduces the effective
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index (beneficial for wideband operation), improves grating
directionality (beneficial for high efficiency coupling with-
out using a bottom mirror) and enable tuning the grating
strength for apodization with larger feature sizes (improv-
ing fabrication tolerance and manufactuability). The struc-
ture can improve the mode matching between the fiber
mode and the diffracted mode through additional precise
control of the layer thickness instead of the period and duty
cycle only method. The slot waveguide pulls part of the
light into the low-index LTO layer, lowering the effective
index, which is ideal for wideband grating coupler design.
By adjusting the thickness of the LTO and polysilicon layers,
the effective index and dispersion can be fine-tuned in the
GC region, ensuring wideband coupling. Such design have
the flexibility to modify the mode distribution and interac-
tion in the grating region, enable modify the effective index
and the dispersion [22], [23] simultaneously. In summary,
based on this design, both the effective index and dispersion
of the grating can be modified simultaneously to realize
wideband coupling. If there is no such working principle
behind, relying solely on optimization algorithms to achieve
such high performance is not possible [24], [25].

Based on the design principles mentioned, we used a
genetic algorithm [26] for numerical optimization of the
GC, adjusting the period and duty cycle of the polysili-
con overlay. To speed up the process, we used 2D finite-
difference time-domain (FDTD) simulations. The genetic
optimization algorithm follows these steps, as illustrated in
Figure 2(a): First, the algorithm initializes the population
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Figure 2: Optimization process and parameters for the GC. (a) Genetic
optimization flow chart. (b) Final optimized structural parameters
for the wideband GC.

DE GRUYTER

by assigning random structural parameters. Next, it eval-
uates each individual’s fitness through FDTD simulation.
The fitness F is defined as: F=Max (CE)*BW(1 dB), where
CE represents coupling efficiency and BW represents band-
width. The algorithm sets a maximum iteration limit and
terminates if no improvements occur within 30 genera-
tions. It then employs a roulette-wheel selection method
to choose individuals based on their fitness scores. The
next generation is produced through two genetic opera-
tions: crossover and mutation. During crossover, pairs of
selected individuals have an 80 % probability of intermixing
at arandom point, producing two offspring. These offspring
then undergo mutation, with a 10 % probability that their
structural parameters will be randomly modified. The pro-
cess forms an optimization loop by returning to the fit-
ness evaluation step, as shown in Figure 2(a). A detailed
description of the optimization process can also be found
in our previous work [27]. In the simulations, we assumed
ordinary (no~2.21) and extraordinary (ne~2.14) refractive
indices for LiNbO, at 1,550 nm, with index dispersion taken
into consideration.

The final optimized parameters are shown in
Figure 2(b), with a minimum feature size greater than
210 nm, making fabrication feasible using standard
photolithography. The final optimized LTO and polysilicon
thicknesses were 200nm and 270 nm, respectively.
The polysilicon layer was fully etched, simplifying
the fabrication process, reducing costs, and making
the structure less sensitive to etch depth variations.
Achieving high coupling efficiency with a fully etched GC
is challenging. Typically, a bottom reflector is required
to enhance coupling efficiency for fully etched GC, for
example, GC can yield —0.58 dB efficiency but needs metal
reflector and tiny features difficult to fabricate even with
EBL, without the metal reflector, coupling efficiency drops
to below —5.5 dB [28].

High-performance grating couplers on LNOI without
substrate mirrors is challenging due to the low directional-
ity and low index contrast, especially with the thin (300 nm
thickness) LN layer used in this paper. The dry etching
of LN is difficult to control, with non-vertical sidewalls
being typical, which adversely affects yield and coupling
efficiency. In this paper, we implemented the grating coupler
using a slot waveguide design formed by depositing low
temperature oxide (LTO) on the LN and then depositing a
polysilicon layer which is used for defining the GC. The
grating structure is only etched in the uppermost polysilicon
layer, avoiding the need for high density and deep groove
etching in the LN layer and the associated sidewall angle
issues. By using transverse magnetic (TM) mode, which
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has a stronger interaction with the slot waveguide and a
lower effective index, we were able to use a larger grat-
ing period, improving fabrication tolerance. Combined with
reliable dry etching processes for oxide and polysilicon,
this approach ensures high yield and makes large-scale pro-
duction of high-performance GCs feasible [20] on the LNOI
platform.

The proposed grating coupler is designed for operation
with standard single-mode fiber with a mode field diameter
of 10.4 pm at 1,550 nm, and for the coupling to the quasi-
TM mode of the LN waveguide or vice versa. The 3D FDTD
simulation of the structure predicted the coupling efficiency
to be —4.08 dB at 1,537 nm, and the 1 dB optical bandwidth
to be 229 nm, covering the range from 1,421 nm to 1,650 nm,
as shown in Figure 3. The GC is designed for perfectly ver-
tical coupling to simplify the packaging and integration
with multicore fibers, lasers, and photodetectors, etc. High
directionality can be maintained across a broad bandwidth
[29], and the current limitation of low coupling efficiency is
primarily due to mode matching [29] with standard single-
mode fiber; which has a mode field diameter of 10.4 pm at
1,550 nm, for bandwidths exceeding 200 nm. By narrowing
the bandwidth, coupling efficiency could be improved, or
alternatively, using a high NA fiber with a smaller mode field
diameter. Maintaining high coupling efficiency over a wide
bandwidth of 200 nm is a challenging task, particularly for
a large mode field diameter of 10.4 pm at 1,550 nm.

Figure 4 shows the cross-sectional view of the |E| pro-
files for the proposed GC. After the light enters the grating
region, the mode moves from the LN layer into the upper
region, increasing its interaction with the grating structure.
Also, we can see that the GC works well in the wavelength
range of 1,450—1,650 nm. The polysilicon layer only changes
the mode distribution in the grating region while in the
fully etched LN waveguide part, most of the light is confined
in the LN layer, making it suitable to utilize the excellent
properties of the LN. The proposed GC design not only can be
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Figure 3: 3D FDTD simulated coupling efficiency spectra of the final

optimized wideband GC.
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Figure 4: |E| profiles of the wideband GC working at (a) 1,450 nm,
(b) 1,550 nm, and (c) 1,650 nm.

used for Z-cut LN wafers, but also can be used for X-cut LN
wafers and other platforms like silicon nitride and silicon
platform.

We also analyzed the fabrication tolerance of the high-
performance GC. The combination of the TM mode and slot
waveguide results in a lower effective index and larger
grating period, increasing fabrication tolerance. We con-
sidered possible variations, including the thickness of the
LTO and polysilicon layers, etched depths and widths in
the polysilicon layers. The simulated transmission spec-
tra in Figures 5(a)-(f) demonstrate the grating coupler’s
robustness to various fabrication variations. The GC main-
tains high performance despite LTO thickness variations
of +60 nm, polysilicon thickness variations from —20 nm
to +40 nm, grating groove etch width variations from
—40nm to 460 nm, polysilicon layer etch depth varia-
tions of +80 nm. All these show that the proposed GC not
only shows high efficiency and wideband coupling but also
shows fabrication robust properties and potential high per-
formance under volume production.

We experimentally measured the coupling efficiency of
the fabricated grating coupler. Our test devices consisted
of two focusing GCs connected by a straight 2 pm wide LN
waveguide. Figure 6 shows the experiment setup and the
measured transmission spectrum of a single GC. During the
experiment, we first measured the transmission spectrum
of the two connected grating couplers. After testing the
grating couplers, we then measured the insertion loss of the
whole link. To maintain consistency, we used the same fiber
length that was used in the initial grating coupler tests to
connect the two test points, while keeping all other system
components unchanged after the measurement of the grat-
ing coupler. We then normalized the transmission loss of
the link to determine the actual performance of the grating
coupler. The final experiment results indicate a peak cou-
pling efficiency of —4.47 dB per grating at 1,485.7 nm, with a
1dB bandwidth of 171 nm (from 1,450 nm to 1,621 nm). The
maximum back reflection of our grating coupler is —12.5 dB
at 1,470 nm and the minimum back reflection is —21.6 dB
at 1,600 nm, better than the previous inverse designed
broadband grating coupler on LNOI with off-vertical
coupling [24].
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Figure 5: Fabrication tolerance analysis for the GC. (a)-(d) Coupling efficiency spectra versus the fabrication variations for the wideband GC.
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Figure 6: Experimental setup and measurement results for the GC.
(a) Diagram of experimental testing. FPC, fiber polarization controller;
DUT, device under test. (b) Experimentally measured results for

the wideband grating coupler.

In our experimental results analysis, we assumed neg-
ligible waveguide propagation losses and identical perfor-
mance of input and output GCs. However, fabrication vari-
ations might cause different peak coupling efficiency wave-
lengths at the input and output GCs, potentially leading to
better individual GC performance than our averaged mea-
surements suggest. Further optimization of the LPCVD depo-
sition process could improve the thickness and refractive
index control of the different layers, potentially enhancing
the performance further.

One of the limitations in our setup to measure the opti-
cal bandwidth of the waveguide grating is the control of
the optical polarization output from the fiber pigtail of the
tunable laser. Our measurement first involved optimizing
the polarization for the best coupling efficiency at 1,550 nm.
But in scanning the laser wavelength from 1,450 to 1650 nm
the optical polarization at the output of the fiber may not
be fixed for optimum excitation of the TM mode through-
out the wide wavelength band, and any deviation of the
polarization will adversely degrade the measured coupling
efficiency. We therefore think the experimental results pre-
sented are a lower bound estimate of the real 1dB band-
width and that if we had polarization maintaining fiber for
coupling to the GC, we may have a better experiment result
than the 171 nm 1 dB bandwidth. Even with this low bound
estimate, we still achieved the widest optical bandwidth yet
reported using waveguide grating couplers.

During our measurements, we observed that polariza-
tion remains stable and well over a wavelength range of
more than 100 nm. However, near or beyond 200 nm, cou-
pling efficiency will decrease toward the sidebands (e.g.,
1,450 nm and 1,650 nm). Taking this decrease into consider-
ation suggests that the actual bandwidth is broader than the
present result. The experimental 1 dB bandwidth of 171 nm
is therefore a conservative estimate. Our 3D FDTD simula-
tions predict a 1 dB bandwidth of 229 nm, and considering
polarization-related degradation in the sideband, achieving
a1dBbandwidth exceeding 200 nm, closer to the simulation
result, maybe possible.
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In comparison with the most recent inverse-designed
broadband waveguide grating coupler on lithium niobate,
which used a relatively thick 700 nm LN layer to increase
coupling efficiency, to —3.8 dB peak coupling efficiency with
1 dB bandwidth of 71.7 nm [24]. Our design employs a thin-
ner 300 nm LN layer, leading to slightly reduced direc-
tionality and a coupling efficiency of —4.47 dB with an
unprecedented 1dB bandwidth of 229 nm in simulations
and 171 nm in experimental measurements. Besides, the
design in [24] required high-density grooves etching with
a deep etch depth of 450 nm, leading to sidewall angle
issues, our approach also avoids the need for high-density
or deep etching of grating layer on LN, thereby mitigating
the sidewall angle issues associated with LN etching. We also
make a comparison table of the recent grating couplers on
LNOI platform, including high efficiency GCs [30]-[35] and
wideband GCs on LNOI [24], [25], see Table 1.

Since this work demonstrates an ultrawideband grating
coupler with a bandwidth exceeding 200 nm, and consid-
ering the trade-off between coupling efficiency and band-
width, the coupling efficiency of the current grating coupler
is not in high level. However, for certain wideband appli-
cations, such as CWDM with four channels, a bandwidth
of around 80 nm is typically sufficient, meaning the grating
coupler does not require a handwidth over 200 nm, with this
relaxed bandwidth requirement, the coupling efficiency of
the grating coupler can be improved.

Additionally, to further improve coupling efficiency
without compromising performance, complicated subwave-
length structures [36] or multi-level etching [37] can be
employed. Alternatively, one could use a high NA fiber with
a smaller mode field diameter or extend the design to longer
wavelength bands, such as 2 pm, where achieving a wide-
band grating coupler is easier. The proposed grating coupler

Table 1: Comparison of recent grating couplers on LNOI.
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is well-suited for applications that require wideband cou-
pling but have lower requirements for coupling losses.

The observed discrepancies between the simulated
result in Figure 3 and experimental results in Figure 6 can
be attributed to various factors, including variations in the
refractive indices and thicknesses of the layers during fab-
rication, potential inaccuracies in assumed material prop-
erties used in simulations with actual material properties
of LTO and polysilicon in experiment (deposited condition
dependent), and process variations in etch depth and width
for the grating layer. Despite these challenges, our device
achieved the widest bandwidth reported to date. We believe
that further optimization of the LTO and polysilicon depo-
sition processes could lead to even better performance,
potentially aligning experimental results more closely with
simulations and enhancing device performance.

Figure 7 presents a photograph of the fabricated GC,
which employs a focusing grating design [38], [39] to elim-
inate the need for several hundred micrometers long adi-
abatic tapers between the narrow channel waveguide and
the wide grating region for mode field diameter matching
with single-mode fiber. The focusing GC has a compact foot-
print and is suitable for high-density photonic integrated
circuits integration. This proposed design methodology can
also be applied to other LN thickness by simply adjusting the
thickness of the LTO and polysilicon layers [19]. We demon-
strated TM mode here for proof-of-concept demonstration
and based on the working principle, this design method can
also be used for transverse electric (TE) mode [22], [23].

In this design, the grating is etched only in the polysil-
icon layer, which avoids the need to etch high density
grooves in the LN (lithium niobate) layer and eliminates
issues with sidewall angles caused by multiple etchings in
LN. The polysilicon grating has a minimum feature size of

References Bottom Overly  Grooves Exp. Exp. Exp. A Angle MFS Polarization Min Max
etching peak 1-dB 3-dB

reflector pattern onlLN CE(dB) BW(nm) BW(nm) Band °) BR(dB) BR(dB)
20 NO Yes NO —-2.2 81 C 55 387 ™
30 YES NO YES —0.89 45 C 0 300 TE —16.5 —13.7
31 YES Yes YES —1.42 C 1.6 178 TE
31 YES Yes YES -2.1 .. C 34 205 T™
24 NO No YES -3.8 7 >120 C 6 175 TE —18 -10
32 NO NO YES —1.99 38 O 23 155 TE
33 NO NO YES —2.81 56 C —22 187 TE
34 NO YES NO —2.84 C 10 228 TE —26
35 NO NO YES —2.97 46 .. C 10 155 TE
25 NO NO YES -39 9 C 25 1441 TE
This work NO YES NO —4.47 m >200 C 0 210 T™ -21.6 —12.5

Grooves represent grating grooves; Coupling efficiency (CE); Bandwidth (BW); Minimum feature size (MFS).
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Figure 7: Microscope image of the wideband grating coupler.
(a) A pair of GCs. (b) Zoom-in of the single grating.

210 nm, making it compatible with standard photolithogra-
phy. This method enables high-efficiency, wideband grating
couplers on the LN platform, and better performance might
be achieved by etching the LN grating region and using
subwavelength structures, the proposed structure can be
used to develop high performance nonlinear or modulation
devices on LN platforms.

3 Conclusions

We proposed and demonstrated a new wideband grating
coupler design for standard single-mode fiber in the C-band.
By adding a slot waveguide above the conventional grating,
the effective index and dispersion can be flexibly tuned for
wideband operation. The grating strength is also adjustable
through the slot layer thickness, enabling high coupling
efficiency and wideband performance. The proposed design
offers good fabrication tolerance, with a minimum feature
size above 210 nm, making it easy to fabricate in volume
using standard photolithography. The design was experi-
mentally validated, and measurements of the fabricated
grating showed a peak coupling efficiency of —4.47 dB cou-
pling efficiency with 1dB bandwidth of 171 nm with this
novel method. These results represent the unprecedented
wideband operation WGC achieved. This approach will pro-
mote the use of GC for wideband operation and open the
door for WGC with 1 dB bandwidth toward 200 nm or even
300 nm. The perfectly vertical coupled and compact focus-
ing GC will enable the GC can be integrated with multicore
fiber for use with space division multiplexing and wave-
length division multiplexing together to increase the trans-
mission capacity in both space and wavelength degree.

We used a standard single-mode fiber for its wide appli-
cation, through switching to a high-NA fiber could further
improve bandwidth. The design was demonstrated on an
LN platform due to its wide transparency window and
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excellent electro-optic and nonlinear properties. However,
it can also be applied to platforms like silicon nitride or
silicon and adapted for other wavelengths, such as 2 pm, for
even greater bandwidth. This method can also be extended
to multimode grating couplers for WDM and mode division
multiplexing (MDM) combined applications. The demon-
stration on the LN platform avoided etching the grating
layer in the lithium niobate, eliminating sidewall angle
issues and ensuring consistent high performance for large-
scale production. This design will pave the way for the
wideband application of the emerging LiNbO, platform and
leverage the hybrid advantages of both silicon and LiNbO;.
This design method can also be applied to other platforms,
such as silicon nitride [22], [23], silicon [29], etc.

Such a wideband GC can help the PIC to unlock a much
wider wavelength spectrum for various applications in vari-
ous PIC platforms. The GC features a wide, flat transmission
spectrum and is suitable for large-scale manufacturing. It
can be applied to wideband CWDM transceivers, spectro-
scopic sensing, integrated optical frequency comb sources,
beam steering, wideband optical spectrometers, and other
wideband applications.
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