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Abstract: A 15°×12° integrated two-dimensional beam-steering device based on an on-chip 
silicon-nitride switch/emitter structure and off-chip cylindrical lens is demonstrated. The staircase 
grating emitters allow a directional emission greater than 90%. 

Light detection and ranging (Lidar) technology has attracted intense interest for autonomous driving, sensing, wind 
detection, etc. Solid beam-steering devices with a compact size, high speed, high stability have been investigated for 
Lidar applications including optical phased array (OPA), micro-mirror and liquid crystal. Lidar based on OPA 
technology has been reported, and become the most promising techniques for practical realization [1]. Recently, a 
new method of beam-steering devices based on lens such as planar lens [2], metalens [3], and glass lens [4] have 
also been proposed and demonstrated with low power consumption, simple control complexity, and good beam 
quality. Among these works, proposals utilized to steer light in two dimension (2D) are mainly based on lens 
focusing or wavelength scanning, issues of lens-induced loss, separation limit of emitter array, and emission 
efficiency still remain to be solved. Considering the low optical loss and fabrication cost, commercial glass lens is 
the present practical choice for lens-based beam-steering. In our work, a proposal of μm-pitch 1D emitter array 
assisted with wavelength-tuning enables high-resolution beam steering in 2D. Moreover, a stair-case grating is 
designed to increase the emission efficiency of antenna. Therefore, our beam-steering device can steer light with a 
high resolution and high emission efficiency while maintaining the advantages of low control-power consumption, 
easy steering, good background suppression, and good power handling. 

Fig.1 (a) Schematic diagram of the device. (b) Principle of cylindrical lens-based beam steering. 

A schematic diagram of the chip is shown in Fig. 1(a). The device is fabricated on a silicon nitride (Si3N4) 
platform. The light is coupled to the chip via a standard lensed fiber and then sent to a 1×N switch. The 1×N switch 
is made of cascaded 1×2 Mach-Zehnder interferometer (MZI) switches with thermal tuning. Each time the light is 
guided to one output channel of the 1×N switch and emits to free space via a staircase grating emitter. On the top of 
the chip, there is a glass cylindrical lens whose focal plane is overlapped with the surface of the grating emitter array 
and the placement direction can be referred to Fig. 1(a). The principle of the device is shown in Fig. 1(b). In xoz 
plane, light beams from different emitters intersect at one point (denoted as “S”) on the focal plane of the lens on the 
other side, and point at different directions. In yoz plane, light beams of different wavelength diffract from one 
emitter with different directions. The far-field (FF) beam pattern can be obtained by a circular lens (“FT lens”), as 
depicted in Fig. 1(b). In xoz plane, the FF beam intensity pattern is the central symmetry of the beam pattern on the 
emitter array with a constant complex coefficient. In yoz plane, the FF beam pattern is the Fourier transform of 
beam pattern on the emitter. Therefore, the beam divergence and beam direction of our device can be engineered by 
properly choosing the beam diameter of the emitter, wavelength, emitter spacing and focal length of the cylindrical 
lens. 
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Fig.2 (a) SEM image of the grating emitter array. Inset: single emitter SEM. (b) Directionality of grating emitter simulated by FDTD. Inset: cross 

section of emitter. (c) Experimental setup for the far-field measurement. 

The beam steering device is then fabricated on silicon nitride platform with a thickness of 400 nm. The 1x2 
switch is fabricated based on MZI structure with thermal tuning. The control of switch is managed by digital signal 
with pre-biased voltage because the TiN heaters have fabrication error in each switch. The SEM image of the emitter 
array is shown in Fig. 2(a). Here a 1×16 array is fabricated. The closest separation between two adjacent emitters is 
132 μm. The grating emitter has a length of 1 mm and a width of 12 μm. The inset shows a zoomed view of a single 
grating emitter. Fig. 2(b) shows the simulated emission efficiency of grating emitter at 1550 nm with different 
lengths and etch depths. The maximum emission efficiency can be greater than 90%, which is significantly 
improved compared with the uniform grating structure. The wavelength tuning assisted beam steering is simulated 
to be ~0.1°/nm near 1550 nm for the emitters. Experimentally, a tunable CW light source near 1550 nm is coupled to 
the beam steering device and a circular lens (FT lens) is placed above the cylindrical lens to do the Fourier transform 
for FF measurement, as shown in Fig. 2(c). The microscope with InGaAs camera is focused on the focal plane of the 
FT lens. 

Zemax simulation result of far-field 2D beam steering based on the setup in Fig. 2(c) is shown in Fig. 3(a). The 
lenses utilized in the simulation are chosen to be ideal to avoid the influence of aberration. In the experiment, the FT 
lens has the same focal length as the cylindrical lens. Therefore, in xoz plane the cylindrical lens and FT lens form a 
4f system with magnification equal to 1, while in yoz plane, they form a light-collimation system. Fig. 3(b) shows 
the FF beam pattern of single grating emitter. A span of 12° can be observed by wavelength tuning. Fig. 3(c) shows 
an FF pattern when all the 1×2 switches are tuned to have 50:50 output as beam splitters and all the emitters emit 
light. Assisted by wavelength tuning, a 11×16 spot array with very good beam quality and clean background can be 
clearly observed. A field of view of 15°×12° is obtained by our device. The spot sizes are slightly different because 
the focal plane of the lens is not ideally overlapped with the plane of the emitter array.  

 
Fig.3 (a) Simulation of far-field 2D beam steering based on emitter switching and wavelength tuning. (b) Measured far-field pattern of the single 

grating emitter. (c) Measured far-field pattern of our cylindrical lens-based 2D beam steering. 

In conclusion, an integrated 2D beam-steering device is demonstrated based on the cylindrical lens and staircase 
grating emitter. A 11×16-point beam steering has been achieved. The device has a field of view of 15°×12°, digital 
control and greater than 90% emission efficiency. 
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