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The design, fabrication, and characterization of a 16-

element optical phased array (OPA) using a high index (n

= 3.1) silicon rich silicon nitride (SRN) is demonstrated.

We present one-dimensional beam steering with end-

fire facet antennas over awide steering range of >115° at

a fixed wavelength of 1525 nm. A spot size of 0.11° has

been measured at boresight, consistent with theory. We

demonstrate SRN as a viable material choice for chip-

scale OPA applications due to its high thermo-optic

coefficient, high optical power handling capacity due to

negligible two-photon absorption (TPA), wide

transparency window, low propagation loss, and CMOS

compatibility.

________________________________________________________________

1. Introduction

Chip based silicon photonics optical phased arrays (OPA)

are an attractive alternative to replace the complex free-

space optical systems used in LiDAR applications [1]. Two

material choices used in optical phased arrays are silicon

and stoichiometric silicon nitride. However, each of these

materials have its own downsides for offering an ideal

optical phased array/LiDAR platform. Silicon is mostly

implemented in the silicon on insulator (SOI) wafers and

silicon nitride is also commonly found in many CMOS

foundries as a wave-guiding material alternative. However,

silicon can only guide above its band gap wavelength at

around 1.1 μm while silicon nitride is transparent at both

visible and the near infrared wavelength regions. Usually,

silicon photonics OPA/ LiDAR systems work around the

telecomwavelengths (O and C bands) for eye safety reasons,

however depending on the application of interest, this can

change [1-4].

Commercial LiDAR systems, for example, operate at 904-

940 nm due to less solar noise at these wavelengths

compared to O- and C-bands. Silicon nitride’s transparency

in the 800 to 1100 nm spectral range allows for leveraging

many light sources, and implementations for many

applications that could not be achieved using silicon

material platform. On the other hand, silicon nitride’s lack of

an efficient phase tuning leads to greater power

consumption and larger footprint phase shifters. The optical

propagation loss values shown in Table 1 are good

measures of scalability for these two material platforms.

While silicon’s thermo-optic coefficient (1.8 x 10-4) is an

order of magnitude higher and allows for a relatively more

efficient tuning, it is important to note that waveguides for

optical phased arrays often need to transmit at very high

power densities for which the nonlinear effects are not

negligible and must be taken into account. Silicon has a

relatively large TPA coefficient, . Generally,  can be
used to describe the propagation loss as 1010()  ,
where the  s the effective mode size area. In case of a
silicon waveguide with cross-sectional area of (220 x 500

nm2) at 1550 nm, we can assume on average the loss is

around 2 dB/cm per 1Watt of optical power, therefore, TPA

introduces non-negligible loss when transmitting above

100’s of mW of optical power - which is a bottleneck for

practical implementation of OPA and their full integration in

LiDAR system. Hence, our SRN based OPA with a larger

transparency window starting at 700 nm, negligible TPA

coefficient compared to crystalline silicon, high thermo-

optic coefficient and high refractive index for compact and

more efficient devices can be an alternative platform for

OPA and LiDAR systems. [5,6].

Table 1. A comparison of typical designs and properties

between Si and SiN waveguide with SiO2 cladding

In this paper, we demonstrate the implementation of a one-

dimensional 16-element SRNphased arraywith 115o field of

view and over 80 percent of power in the single-diffracted-

beam. The spot size is 0.11 o at boresight. We further discuss

in detail the antenna design, phase shifter implementation,

and the use of gradient descent algorithm for phase control.

Simultaneous control of 16 thermo-optic phase shifters

required integration of the optical phased array chip onto a

printed circuit board (PCB) for electrical control.

__________________________________

A. Antenna design and simulation results

Despite the scalability challenges with OPAs, a large number

of antennas lead to small beam widths. Here, we investigate

a 16-element optical phased array to achieve a relatively

Transparency Thickness Loss

dB/cm

Bending  n2/ 
cm/GW

Si 1.1-3.7 0.2-0.5 1-3 5-50 1.8 x 10-4 5 x 10-5 0.5

SiN 0.5-3.7 0.2-2 0.2-2 20-200 2-4 x 10-5 3-7 x 10-6 negligible








