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Abstract: The focal plane array is regarded as a promising solution for LiDAR. In this work, we
present an ultra-large-scale focal plane array featuring 1024 antennas and 2113 micro-rings with a
FoV of 85.7° x 29.5°. © 2024 The Author(s)

1. Introduction

LiDAR is widely used to acquire environmental information in fields such as assisted driving, intelligent robotics,
and aerospace [1—4]. However, the existing architectures relying on mechanical components suffer from longevity-
related flaws. Consequently, several all-solid-state beam scanning schemes have been proposed. Among them, the
lens-assisted focal plane array (FPA), which operates by directing the input light to a designated antenna using an
optical switch array, is considered a promising solution [5—8]. The primary challenge currently impeding the exten-
sive adoption of FPA is the quantity of point clouds. In particular, the reported results predominantly utilize the
Mach-Zehnder-Interferometer (MZI)-based optical switch array, whose substantial size severely hampers the num-
ber of antennas. To address this issue, some alternatives have been proposed. For instance, we previously demon-
strated a two-dimensional (2D) beam steering FPA chip based on a micro-ring switch array [9], which offers greater
compactness compared to the MZI-based FPA. Simultaneously, this structure demands extremely low operational
complexity and overall power consumption since only one optical switch works at a time.

In this paper, we demonstrate an ultra-large-scale densely integrated FPA based on the micro-ring switch array,
consisting of 1024 antennas and 2113 micro-rings. A large field of view (FoV) measuring 85.7° X 29.5° has been
achieved through the application of the FoV splicing technology and the antenna multiplexing technology. In addi-
tion, the FPA chip is scalable, and showcases the limitless potentials of silicon photonics.

2. Design and Manufacturing

The FPA can be segmented into four components: input coupler, micro-ring-based optical switch array, antenna ar-
ray, and assisted lens, while schematic illustrations of the first three components can be found in Fig. 1 (a). During
working, the input light is initially routed to a designated antenna through the optical switch array and subsequently
emitted into free space. Meanwhile, a lens positioned above the chip collimates and redirects the emitted beam, re-
sulting in the one-dimensional (1D) quasi-continuous scanning in the transverse direction (). If we adjust the wave-
length of the input light, the 1D continuous scanning in the longitudinal direction (0) can be achieved. The following
equation provides the steering angle of FPA in the 6-direction [10], 4 represents the vacuum wavelength of the inci-
dent light, n.y denotes the effective index of the waveguides, and n., corresponds to the refractive index of the me-
dium through which the emitted beam propagates. It can be found that simply increasing the wavelength tuning
range is not sufficient to achieve a large scanning range (VFoV). To tackle this challenge, we employ the FoV splic-
ing technology and the antenna multiplexing technology. In particular, the FoV splicing technology refers to the de-
sign of N antennas for end-to-end far-field splicing, as depicted in Fig. 1(b), which enables the VFoV to expand N
times. Meanwhile, the antenna multiplexing technology enables the realization of two symmetrical VFoV by routing
the input light to both ends of the antenna.
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Fig. 1. (a) Design diagram of the FPA chip. (b) Schematic of the FoV splicing technology and the antenna multiplexing technology.
3. Characterization

The proposed FPA chip was fabricated by Advanced Micro Foundry (AMF) using the SisN4 on SOI platform, ena-
bling us to achieve high-power input, low phase noise antennas, and low-loss cross waveguides. The fabricated chip,
as shown in Fig. 2, comprises of 1024 antennas and 2113 micro-rings. In this system, one micro-ring is employed
for antenna multiplexing, while the remaining micro-rings (33 x 32 x 2) are utilized for channel switching. To in-
crease the effective apertures, we adopted the antenna incorporating the SisN4 perturbations on the Si waveguide.
Meanwhile, eight types of antennas have been designed by adjusting the perturbation parameters to achieve the FoV
splicing, which means that the FPA is equivalent to a 128-line (1024/8) LiDAR. Additionally, our designed FPA
operates within the C-band, imposing significantly reduced laser requirements compared to the optical phased array,
which necessitates tuning beyond 100 nm [11,12].

(a) (b)

Fig. 2. (a) Photography of the fabricated chip. (b) Photography of the fabricated chip after packing.

In this work, a 10 mm focal length lens was utilized as the collimator, and the beams were characterized at wave-
lengths of 1530 nm, 1540 nm, and 1550 nm. Fig. 3 displays the 17 lines chosen from the 128 lines in the @-direction.
The utilization of the FoV splicing technology and the antenna multiplexing technology enabled the FPA to achieve
a large FoV measuring 85.7° x 29.5°. The denser light spots near 6 = 0° are the result of the slight overlap of two
FoVs formed by the antenna multiplexing technology, and this design is implemented to prevent blind spots. In fu-
ture work, we will demonstrate more scanning lines of this FPA chip, and beams at other wavelengths.
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Fig. 3. Beams of FPA at 1530 nm, 1540 nm, and 1550 nm (17 lines selected from 128 lines).

4. Conclusion

In this paper, we demonstrate an ultra-large-scale densely integrated FPA, which consists of 1024 antennas and
2113 micro-rings. The FPA exhibits minimal operational complexity and overall power consumption as it uses two
or three micro-rings simultaneously. By utilizing the FoV splicing technology and the antenna multiplexing technol-
ogy, we realized a broad FoV of 85.7° x 29.5°. In future work, we will demonstrate more scanning lines of this FPA
chip, along with beams at other wavelengths. In summary, our design effectively enhances the integration and the
VFoV of FPA. We believe that this scalable structure will drive the advancement of FPA.
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