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ABSTRACT   

We demonstrate operation of an interferometric optical gyroscope that uses an on-chip 3m ultra-low-loss silicon nitride 
waveguide coil. The measured minimum waveguide loss of the waveguide coil fabricated using lithographic die stitching 
was 0.78 dB/m. The angle random walk and bias instability of the gyroscope were characterized to be 8.52 deg/hr1/2 and 
58.7 deg/hr respectively. 
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1. INTRODUCTION  
Gyroscopes are used in inertial motion units (IMU)/ inertial navigation systems (INS) to determine the position and 
orientation of an object based on its inertial reference frame. Over the past few decades, advances in gyroscope 
technologies1 have been instrumental in the realization of high precision IMUs. MEMS gyroscopes, laser gyroscopes, 
and interferometric fiber optic gyroscopes are among the commercially mature and available technologies that are widely 
used in navigation, tactical, and industrial applications. Considerable research has been invested in the characterization 
and miniaturization of interferometric optical gyroscopes (IOG) while maintaining their high sensitivity and performance 
specifications. The performance of an IOG scales with length, area, and polarization extinction of coils. However, it has 
been challenging to realize an on-chip waveguide coil based IOG with desired performance due to high waveguide loss, 
available chip real estate (maximum coil length), and the lack of a well-established high performance integration 
platform. The Si3N4 based ultra-low loss waveguide (ULLW) platform provides a solution to enable long, on-chip 
millimeter diameter scale waveguide coils with losses less than 0.1 dB/m2,3. In addition to the low loss of the ULLW 
platform, the high polarization dependent loss (> 75 dB) of ULLW coils4 plays an important role in minimizing parasitic 
effects due to polarization drift and drift in polarization coupling between bulk optical components, resulting in 
improved performance for parameters like angular random walk (ARW). Chip scale integration of the IOG can improve 
the manufacturability of IOGs in general, while at the same time significantly reducing the size, weight, and cost. We 
reported the preliminary results of a Sagnac sensor realized using an ultra-low loss high aspect ratio Si3N4/SiO2 planar 
waveguide coil in our previous work6.  

In this paper, we report the first rotation measurements performed by a gyroscope that uses a 3 m integrated Si3N4 
waveguide delay coil. The angle random walk (ARW) and bias instability (BIS) were evaluated using the standard Allan 
variance method.  

2. INTEGRATED GYROSCOPE 
2.1 Integrated Gyro Design 

The optimal length of the ULLW Si3N4 coil to be used in an integrated optical gyroscope to achieve best noise 
performance was estimated to be 3-10 m7,10. The chosen coil geometry for this work was a 3 m Archimedian spiral with 
outer radius of 20 mm, waveguide spacing of 50 μm, and inner radius of 18.75 mm, with a total of 50 waveguide 
crossings per round trip. The ARW of the gyroscope using this coil was calculated7 to be 1.15 deg/hr1/2

.The waveguide 
coil was fabricated using lithographic die stitching and was packaged to perform rotation measurements using the setup 
shown in Figure 1. Details of fabrication, coil packaging, gyroscope characterization will be presented in the subsequent 
sections. 
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