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Abstract 

With considerable advances in photonic integrated circuits (PIC), the integration of optical gyroscopes to a single 

chip provides a pathway for improved inertial measurement systems with limited moving parts. Here, we report on 

the design and fabrication approaches to a monolithically integrated optical gyroscope using the InP material 

system. Design of high-quality resonators on InP is achieved through epitaxial techniques that limit optical losses 

in selective regions of the chip, to obtain low loss waveguides. Our approach consists of component design for an 

optical driver circuit and an optical resonator, all integrated on a single chip.  

Introduction 

With the advent of nanosatellites, autonomous navigation and driving, the demand for low 

power, low footprint, high volume inertial sensors has scaled up significantly. Currently a lot 

of these systems use a combination of inputs from global navigation satellites, accelerometers, 

magnetometers, gyroscopes and sun sensors for navigation. The angular velocity is typically 

sensed by MEMS based gyroscopes. However, higher complexity of applications and 

challenging operating environments demand an improvement in accuracy and reliability of 

these sensors, along with the ability to scale up volumes. MEMS based gyroscopes, due to their 

inherent nature of having moving parts, pose challenges due to issues like stability, vibration, 

reliability, and mechanical noise.[1]. Integration of optical gyroscopes with autonomous 

navigation systems can improve their performance, as these devices provide an opportunity for 

higher accuracy, reliability and longer stability, in addition to improved resistance to shock, 

temperature effects and vibration[2].  

Optical gyroscopes employ interferometric techniques using two optical beams propagating in 

opposite directions through spiral waveguides[3]. The phase difference created between these 

beams during rotation, caused by the optical Sagnac effect, is detected either as change in power 

or a change in resonant frequency to obtain information on the angular velocity of the object. 

The sensitivity of an optical gyroscope to rotation can be expressed as  

Δ𝜙 =
8𝜋𝐴Ω𝑟𝑜𝑡

𝜆𝑐
 

where Δ𝜙 is the phase shift, A is the area under rotation, and Ω𝑟𝑜𝑡 is the rate of rotation.  

The Sagnac phase shift is proportional to the rate and area of rotation, and is very weak. This 

necessitates large footprints under rotation, which implies long optical lengths for improving 

the sensitivity to rotation. Conventional optical gyroscopes employ long lengths of low loss 

optical fiber (loss <0.25 dB/km) wound into loops for enhancing the sensitivity to rotation, 

along with active components like lasers, detectors, and modulators. These components are 

connected together through fiber splices to constitute the gyroscope. With improvements in 

integrated photonics, efforts have been made to miniaturize the gyroscope by replacing the fiber 

loop with waveguides made on indium phosphide (InP)[4] and silicon nitride (SiN) [5]. In all 

these devices, where discrete components are connected together by fiber coupling, the 



connections act as sources of loss, reflections, mode mismatch and polarization coupling. For 

example, polarization cross-coupling through fiber connections between discrete components 

was found to degrade the noise performance of optical gyroscopes up to 7 times[5]. In addition, 

the thermal, mechanical and optical stabilization of these components is necessary, and this 

drives up the cost and limits volumes, as the performance improves. With the progress in 

photonic integration, growth and fabrication techniques are available to integrate all active and 

passive elements on a chip. A fully monolithically integrated gyroscope on a chip can combine 

the low footprint and high-volume manufacturing abilities of MEMS gyroscopes along with the 

inherent precision, improved performance, stability and mechanical resilience of an optical 

gyroscope.  

In this publication, we detail our efforts to fabricate a fully integrated monolithic optical 

gyroscope chip using a InP based semiconductor platform[6]. The ability to integrate active and 

passive components with minimal losses, availability of gain in the system and the ability to 

fabricate a myriad of components reliably in a monolithic manner makes the InP based material 

system well suited for the gyroscope as a PIC. A schematic of the gyroscope optical circuit 

along with the resonators considered in our approach is shown in Fig. 1.  

Design of Optical Components 

The InP based platform developed by TU/e uses an epitaxial approach where active and passive 

components are integrated together using an overgrowth technique. Components required for 

the gyroscope, including low linewidth laser, phase modulators, coupling elements and 

detectors are integrated on the same substrate, without the need for intermediate fiber 

connections, as is conventionally done.  

The waveguide structure used employs an InGaAsP quaternary as the core, with InP cladding 

layers. Two designs of waveguides are employed in this platform, a shallow waveguide where 

the ridge is etched to the top cladding – core interface, and a deep waveguide providing a ridge 

etched through the core and into the bottom cladding. A cross-sectional profile of the etched 

waveguides is provided in Fig. 2.  

a) b) 

Fig 1. a) High level architecture of the designed gyroscope PIC. b) Structures to be used as 

optical resonators. Both ring resonators and spirals fabricated in InP waveguides are shown.  

c) 

Fig 2. Cross-sectional profiles of a) shallow and b) deep waveguides used for fabrication of 

optical components. The shallow waveguide provides for a lower loss, but has limited bending 

radius. c) FDTD simulation of the mode profile in the deep waveguide.  

a) b) 



Low Loss waveguides on InP  

A simulated mode profile for the deep etched waveguides are provided in Fig. 2 c) and 

calculated optical loss is shown in Table 1. The total loss of the waveguides can be expressed 

as  

𝛼𝑤𝑔 =  Γ𝑝𝛼𝑝 +  Γ𝑛𝛼𝑛 +  𝛼𝑟𝑜𝑢𝑔ℎ 

where  is the loss,  (i = p, n)is the confinement factor of the mode in the p and n regions. 

The loss due to the waveguide roughness, 𝛼𝑟𝑜𝑢𝑔ℎ, occurs from the interaction of the mode with 

the waveguide sidewalls and is related to the fabrication process.  

 

 

 

The material loss for the p-doped cladding region above the waveguide core is high at 29.7 

dB/cm and is approximately 15x that of the loss of the n doped material. As a result, despite the 

high confinement in the lossless core and the lower loss of the n-doped region, the net 

waveguide loss remains high at 3.2 dB/cm. The high optical loss of the waveguide structure, 

primarily from the p doping, is the limiting factor for the application of this platform towards a 

gyroscope PIC. Consequently, we propose a low loss waveguide structure for the gyroscope 

resonators, one where the p dopants are confined to regions with active materials. 

Epitaxial stacks without p dopants have been designed, and fabrication of devices on this low 

loss platform has been carried out. Two spiral resonator structures have been fabricated: 

structures with Euler bends, where the radius changes adiabatically from a straight waveguide 

to a curved waveguide; and spirals with circular bends. Optical images of the fabricated devices 

are shown in Fig. 3.  

Growth of active-passive materials on the same substrate using MOVPE necessitates a selective 

area re-growth that butt joints the passive waveguides to the active material regions. A selective 

regrowth of the passive regions, along with a subsequent overgrowth creates doped regions that 

overlap both active and passive regions. We propose a selective epitaxial growth technique, 

Polarization N dopant P dopant 

TE (dB/cm) 0.14 2.49 

TM (dB/cm) 0.17 3.1 

Table 1. Simulated loss components for waveguides from the presence of n and p dopants in the 

waveguide cladding. p-dopants in the top cladding contribute primarily to the net optical loss 

of the waveguide. 

a) b) 

Fig 3. Optical images of fabricated spiral structures for gyroscopes. a) Euler bend spiral b) 

Spiral with a circular bend. 



where the p-dopant is confined to the active material regions, instead of being present in both 

active and passive regions. Thus, active devices like lasers, modulators and detectors that need 

electrical contacts would have doped top claddings, while the top cladding in the passive 

regions would be undoped. In this technique, the primary p-dopant Zinc would be diffused into 

the wafer as opposed to in-situ doping during wafer growth. A schematic of the selective growth 

process is shown in Fig. 4. Initial experiments in this process are ongoing. 

Conclusions and Future Work 

We propose to use the InP platform for design and fabrication of a monolithically integrated 

optical gyroscope PIC. The high optical loss of waveguides from dopant induced losses is 

identified as a key issue in designing gyroscope resonators on InP. Low loss epitaxial structures 

have been grown, and spiral waveguide structures have been fabricated out of these wafers. A 

modified growth technique to eliminate p-dopants in passive regions, and thereby limiting 

waveguide losses is designed. The integration of these structures to a gyroscope PIC is currently 

underway.  
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b) 

Fig. 4. Schematic of the epitaxial process for low optical loss waveguides on InP. a) Growth 

structure of MOVPE grown wafer. b) Diffusion of p-dopant selective using a SiNx diffusion 

mask. c) Co-existing undoped low loss and doped contact regions. 

a) c) 


