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Integrated optical gyroscopes (IOGs) have been an efficient tool for numerous applications in various fields, including iner-
tial navigation, flight control, and earthquake monitoring. Here, we review the progress of integrated optical gyroscopes
based on two categories of integrated interferometric optical gyroscopes (IIOGs) and integrated resonant optical gyro-
scopes (IROGs).
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1. Introduction

The optical gyroscope is a device that uses the principle of optics
to measure angular velocity and direction. It consists of a rotat-
ing rotor and a pair of optoelectronic detectors, which can
measure the rotation of an object by detecting changes in the
light path. Optical gyroscopes are widely used in inertial navi-
gation, flight control, earthquake monitoring, and other fields[1].
Optical gyroscopes use the Sagnac effect, which is a well-known
phenomenon in optical physics. When a beam of light splits into
two beams and travels around a loop in opposite directions, the
time it takes for the two beams to travel around the loop will be
different if the loop is rotating[2]. This is because the rotation of
the loop causes a phase shift between the two beams, which
results in an interference pattern that is proportional to the rota-
tion rate of the loop.
In recent years, advances in photonic integrated circuits

(PICs) have led to the development of novel devices such as
on-chip lasers, photonic integrated circuits, and optoelectronic
neural networks[3]. These devices have the potential to revolu-
tionize fields such as computing, sensing, and communications.
One of the key advantages of the integrated optical gyroscope is
the ability to combine multiple functions onto a single chip,
leading to improved performance and reduced size, weight,
and power consumption, making it suitable for a wider range
of applications[4].
Here, we classify integrated optical gyroscopes (IOGs) into

two categories, including integrated interferometric optical
gyroscopes (IIOGs) and integrated resonant optical gyroscopes
(IROGs)[5]. In IIOGs, the interferometric fiber optic gyroscope

(IFOG) is a commonly used technology that has potential for
further integration. In this regard, three integration routes have
been analyzed based on the IIOG’s technology, namely, hybrid
integration, multifunction integrated optic circuits (MIOCs),
and coiled waveguides. In IROGs, the material platform for
the integrated resonant gyroscopes and the optical structure
design of the resonant microcavities have been studied.

2. Integrated Interferometric Optical Gyroscopes

The configuration of interferometric optical gyroscopes, shown
in Fig. 1, involves the use of a 50/50 coupler[6,7] (3 dB coupler) to
divide light from the source into clockwise (CW) and counter-
clockwise (CCW) beams within a waveguide coil or fiber coil.
When the gyroscope rotates perpendicularly to its plane, the
counter-propagating beams experience distinct phase shifts that
are directly proportional to the velocity of the rotation. These
phase shifts are then converted to intensity information and
detected by a photodetector (PD). To achieve optimal sensitive
operation bias for the gyroscope, a phase modulator (PM) is
employed, which is an essential component of the interferomet-
ric gyroscope’s system. Additionally, coupler-I is used to sepa-
rate the input and output beams, while the polarizer filters
out the TM mode to enhance the precision of the fiber optic
gyroscope.
The realization of integrated interferometric optical gyro-

scopes primarily involves two main approaches: the develop-
ment of hybrid integration and the use of integrated
waveguide coils. Hybrid integration is a crucial factor in
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achieving high accuracy and small size simultaneously. This
involves integrating multiple devices, such as light sources, pho-
todetectors, couplers, polarizers, and phase modulators, onto a
single chip through semiconductor and waveguide processing
technologies. By doing so, IIOGs can operate with increased pre-
cision while maintaining a compact form factor. The integrated
waveguide coils serve as sensing modules to accumulate the
Sagnac phase shift, which is usually based on different material
platforms such as silicon-on-insulator (SOI), silicon nitride
(SiN), and silica.

2.1. Hybrid integration

The integration of passive devices such as couplers on a single
material platform, followed by the bonding of light sources, pho-
todetectors, and phase modulators onto a chip, is a common sol-
ution for mixed-integration in IIOGs. The most popular
platforms for IIOGs are silica, silicon, and lithium niobate.
The silica platform has attained a high degree of maturity,

making it the most well-established platform currently available.
In addition to this, commercialization of silicon oxide-based
IIOGs has been successfully accomplished. In 2019, Wang
et al. proposed a low-cost, high-end, tactical-grade fiber optic
gyroscope based on a photonic integrated circuit (PIC)[8], as
shown in Fig. 2(b). The PIC FOG has an optimized waveguide

component and a circuit design that effectively minimize errors
from the polarization cross-coupling, the parasitic Michelson
interferometer, and back-scattered light. The resulting photonic
gyro has demonstrated excellent performance with a low angular
randomwalk (0.59 deg =

���
h

p
), bias drift (0.048 deg/h), and insta-

bility over a wide temperature range. In 2020, Shang et al.[9] put
forth a proposal for an interferometric fiber optic gyroscope
(IFOG) capable of near-navigation-grade accuracy, as shown
in Fig. 2(a). The IFOG is based on an integrated optical chip
that contains a light source, a photodiode, and a 50/50 coupler,
all within a compact area of 48mm2. When coupled with a
500-m-long fiber coil having a diameter of 4.5 cm, the inte-
grated IFOG exhibited an angular random walk (ARW) of

approximately 0.014 deg =
���
h

p
and a bias instability of about

0.018 deg/h. These results indicate that the proposed IFOG
has the potential to achieve high-precision navigation applica-
tions. In 2022, Suo et al.[10] proposed a novel IIOG that employs
a specially designed photo-electronic chip and a mini polariza-
tion maintaining photonic-crystal fiber (PM-PCF) coil. The use
of a 600-m-long ultra-thin diameter PM-PCF coil with an outer
diameter of about 26 mm results in a high accuracy IFOG with
a bias stability of 0.05 deg/h at the integration time of 100 s, an

ARW of 0.0083 deg =
���
h

p
at room temperature, and a bias sta-

bility of 0.11 deg/h over a wide temperature range.
The silicon platform[11] is considered the most promising

platform due to its compatibility with complementary metal-
oxide-semiconductor (CMOS) technology, which enables the
realization of true IIOGs. In 2017, Tran et al.[12] proposed a
novel solution for the integration of various components in
an integrated optical driver (IOD) aimed at improving the per-
formance of IIOGs. The IOD chip [shown in Fig. 2(c)] features a
Fabry–Perot multi-mode laser, photodiodes, phase modulators,
and adiabatic 3-dB splitters, all within a 0.5mm × 9mm area,
representing a significant advancement in the field. This
research demonstrates the first working IIOG driven by a fully
integrated chip. However, more characterizations on packaged
devices are necessary to fully evaluate the IOD-driven-gyro-
scope, particularly with regard to noise characteristics and lim-
itations. In 2020, Wang et al.[13] presented a novel IIOG based
on a silicon photonics platform. The compact design of the
device incorporates all the necessary passive and active compo-
nents, except for the light source and coil which are external.
Notably, the findings of the Allan deviation analysis revealed

an ARW of 0.093 deg =
���
h

p
and a bias instability of less than

0.6 deg/h, indicating high precision performance of the IIOG.
It is worth noting that this work presents the first successful
demonstration of a miniaturized Si-based IIOG that is deemed
suitable for tactical applications.
In the field of lithium niobate material platforms, the multi-

function integrated optic circuit (MIOC) is a commonly used
structure, comprising a polarizer, a 50/50 coupler, and a phase
modulator, as shown in Fig. 3(a)[14]. The performance of an
MIOC-based IIOG is largely dependent on key parameters, such
as modulation efficiency (VπL), polarization extinction ratio
(PER), and loss. Therefore, optimizing these parameters is

Fig. 1. Configuration of interferometric optical gyroscopes.

Fig. 2. (a) IIOGs based on the silica platform from Shang et al.[9]. (b) IIOGs
based on the silica platform from Wang et al.[8]. (c) IIOGs based on the silicon
platform from Tran et al.[12].
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crucial in achieving high-performance IIOGs. In 2017, Deppe
et al.[15] proposed a mixed-signal MIOC that integrates a
12-bit digital-to-analog converter (DAC) through binary-weight
divided electrodes for electro-optical phase modulation, and
an additional small electro-optical phase shifter, as shown in
Fig. 3(c). The advantages of this structure include the ability
to drive the electrodes from the digital ASIC with no need for
an additional DAC. The mixed-signal MIOC provides a new
direction for the development of IIOGs. In 2021, Liu et al. of
Beihang University[16] proposed an optimized block structure
for the MIOC, as shown in Fig. 3(b). The structure consists of
double absorption trenches located at the bottom of the
MIOC. Compared to traditional designs, the optimized MIOC
has an average PER value exceeding 75 dB. This approach has
great potential for reducing polarization nonreciprocal errors
in high-precision FOG applications.
In recent times, the field of electro-optic modulators has

witnessed significant advancements due to the emergence of
thin-film lithium niobate (TFLN) as a promising platform.
This is attributed to its distinguishing features, such as low opti-
cal loss, high modulation efficiency, and ultrafast modulation
(VπL<1.5 V·cm). In 2022, Guo et al.[17] proposed a novel
MIOC design that employed a vertical electrode structure based
on a TFLN platform. The study provided valuable insights into
the realization of compact footprint and high-performance in
MIOC. In addition to MIOC, other researchers have proposed
the use of a double Y-junction in integrated optical chips (IOCs).
In 2022, Shang et al.[18] presented an IOC that integrates a light
source, a photodiode, a polarizer, a double Y-junction, and a
phase modulator. By utilizing a small-diameter sensing coil
and a signal-detection circuit, an IIOG based on IOC technology
was realized with a bias instability of 0.12 deg/h over 1000 min.
In addition to the above three common material platforms,

there are proposals for IIOGs based onGaAs[19] and InP[20] plat-
forms. Research on these platforms is limited. Overall, hetero-
geneous integration technology can greatly reduce the size,
weight, cost, and power consumption of IIOGs while also
improving sensitivity. Currently, the silica platform is the most

commercially viable and mature, whereas the Si platform shows
promise as the most ideal platform for the future. However,
before TFLN can become the primary technology route for
high-precision IIOGs, certain issues, such as high coupling loss
and low polarization extinction ratio (PER), must be addressed.
Once these problems are resolved, TFLN may become the main
technological route for high-precision IIOGs.

2.2. Integrated waveguide coils

IIOGs utilize long coiled waveguides as sensingmodules to accu-
mulate the Sagnac phase shift. However, achieving high respon-
sivities in chip-scale IIOGs is more challenging compared to
fiber IOGs because the responsivity of the IOG is proportional
to its area. Figure 4 shows a typical integrated IOG that has been
implemented using various material platforms, including
SOI[21], silica[22], and SiN[23,24].
An IIOG with an SOI multi-mode coiled waveguide with a

small footprint of 600 μm × 700 μm has been demonstrated[25],
achieving a gyroscope sensitivity of 51.3 deg/s. The coiled wave-
guide had a length of 2.76 cm with 15 crossings, an average
propagation loss of 1.328 dB/cm, and an average crossing loss
of 0.075 dB at 1550 nm. In a subsequent study, the same team
proposed an on-chip silicon mode-assisted IIOG using different
modes propagating oppositely in a waveguide coil based SOI[21],
which avoids integrating the polarization-maintaining fiber
and circulator [Fig. 4(a)]. The simulation results indicate a
detectable angular rate of 0.64 deg/s with a small footprint
of 3.85 × 10−3 m2.
The use of SiO2 coiled waveguides has been explored in

IIOGs, as shown in Fig. 4(b). In this approach[22], the coiled
waveguide is connected to other optical components in the gyro-
scope system through fiber-tail coupling. The insertion loss of
the fabricated coiled waveguide, which had 11 crossings, was
minimized by optimizing the bend radius and the space between
the adjacent loops, resulting in a low insertion loss of 8.37 dB.
The resulting IOG exhibited a low bias drift of 7.32 deg/h and

Fig. 3. (a) Schematic diagram of the MIOC[16]. (b) Optimized block structure for
the MIOC to improve the PER[16]. (c) Schematic diagram of a mixed-signal
MIOC[15].

Fig. 4. Schematic diagram of the integrated waveguide coils. (a) SOI[21],
(b) SiO2

[22], (c) SiN[23].
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a low ARW of 1.26 deg =
���
h

p
, demonstrating the effectiveness of

this approach. An IIOG with a SiN[24] coiled waveguide [Fig. 4(c)]
achieved a detection limit of 19 deg =�h ·

������
Hz

p � in an area smaller
than 10 cm2. Additionally, a commercial-grade IIOG was demon-
strated based on a 3-m-long large-area SiN sensing coil, with an

ARWand bias drift of 8.52 deg =
���
h

p
and 58.7 deg =h, respectively.

The aforementioned studies showcase the efficacy of various
techniques in developing highly sensitive and compact IIOGs
utilizing integrated coil waveguides. To comprehensively over-
view the current state-of-the-art in integrated coil waveguides,
Table 1 has been compiled to summarize and compare the per-
formance of these waveguides. From Table 1, we can observe
that there are two factors that limit the performance of
IIOGs. First, the length of the integrated waveguide coil is too
short, and the multi-layer stacking technology is not mature
enough, which makes it difficult to achieve the theoretically high
accuracy. Second, the unit transmission loss is too large, making
it challenging to achieve the minimum total loss within a certain
length.

3. Integrated Resonant Optical Gyroscopes

The IOG measures the phase difference between clockwise and
counterclockwise light paths, while the ROGs measure the

frequency difference between the two directions of light in an
optical resonant cavity. The sensitivity of the ROG depends
on its ability to detect the frequency difference, which can be
improved by increasing the time that light spends in the reso-
nant cavity or by enhancing the Sagnac effect. In this section,
we focus on the current research progress of both approaches
in the field of IROGs.

3.1. Resonant microcavity platform

The high-quality factor (Q) of a resonant cavity characterizes the
degree of confinement of the cavity to the optical field on a tem-
poral scale. A high Q value corresponds to a narrow linewidth
and a low loss of the resonant cavity mode, indicating a longer
lifetime of photons inside the cavity. Therefore, achieving a
high Q value optical microcavity is essential for realizing high-
performance IROGs. The preparation of the resonant cavity’s
materials and structures influences the Q value with commonly
used materials, including SiO2

[26–30], SOI, CaF2, polymer and
SIN[31–33], and popular resonant cavity structures, including
the optical waveguide ring resonator (WRR) and the whisper-
ing-gallery mode resonator (WGMR). The research progress
on optical resonant cavities is presented in Table 2.
SiO2 is a commonly used material for IROGs due to its low

transmission loss. Compared to the WRR, the WGMR [as
shown in Fig. 5(a)] can achieve higher Q for smaller volumes,
but the increased complexity in its fabrication is a notable chal-
lenge. Silicon nitride (SiN) is also utilized in IROGs, owing to its
high polarization extinction ratio, as shown in Fig. 5(b), which
helps reduce polarization noise. Electro-optic (EO) poly-
mers[34,40] [Fig. 5(c)] are a promising alternative due to their
high electro-optic coefficients, which can improve the modula-
tion efficiency and overall performance of IROGs. In addition,
long-range surface plasmon-polariton-doped[35,41] gain media
can compensate for the propagation loss while reducing the
pump noise compared to conventional optical waveguides,

Table 1. Performance of the Integrated Coil Waveguides.

Platform Insertion Loss Length Footprint ARW Bias Drift

SOI[21] 29 mm 0.42 mm2 51.3 deg/h

SiO2
[22] 8.37 dB 2.14 m 121 cm2

1.26 deg =
���
h

p
7.32 deg/h

SiN[23] 16.2 dB 3 m 12.57 cm2
8.52 deg =

���
h

p
58.7 deg/h

Table 2. Research Progress of the Optical Resonant Cavities.

Material Year Research Team Diameter (cm) Q (106) Loss

SiO2
[30] 2017 Zhejiang University 2.5 14.6

SiO2
[26] 2013 NIST 0.28 290

SIN[31] 2022 Beihang University 3.5 15.4 1.2 dB/m

SIN[32] 2021 Beihang University 1.6 2.64 dB/m

Polymer[34] 2022 Southeast University 2 1 0.118 dB/cm

LRSPP[35] 2014 Southeast University 4 0.14 dB/cm

InP[36] 2013 Politecnico di Bari 2.6 0.97 0.45 dB/cm

CaF2
[37] 2007 California Institute of Technology 100,000

CaF2
[38] 2017 Eowaves 0.7 > 100

SOI[39] 2012 Massachusetts Institute of Technology 0.49 220 2.7 dB/m
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which is shown in Fig. 5(d). Furthermore, the long-range surface
plasmon-polariton (LRSPP) only transmits transverse magnetic
(TM) mode polarized light, thus avoiding polarization crosstalk
noise. Calcium fluoride (CaF2)

[37,38] crystal [Fig. 5(e)] is another
unique material with a high refractive index that can be used to
fabricate WRR and WGMR with ultra-high Q, making them
commercially viable. InP[36] and SOI[39,42] represent main-
stream integrated platforms and are significant directions for
the development of IROGs, as shown in Fig. 5(f).
Researchers have proposed doping and dispersion control

schemes to improve the optical performance of optical micro-
cavities[43]. In 2007, Hsiao et al.[27] used ion exchange to prepare
an active integrated optical ring resonator in neodymium-doped
glass, which compensated for transmission losses. The finesse of
the 1.6-cm diameter ring resonator increased from 11 to 250.
The research team at Beihang University proposed a three-
dimensional vertically coupled resonator structure[44], which
was directly written on doped phosphate glass using a femtosec-
ond laser. The experimental results showed that when the pump
power was 50 mW, the measurement limit precision could reach
5.3 deg/h. The principle of dispersion control is to change the
group velocity of the light waves, making them accelerate (slow
down) as fast (slow) light. Slow light corresponds to normal
dispersion, and fast light corresponds to anomalous dispersion.
The commonly used scheme for structural dispersion control is
to design a special coupled resonator waveguide (CROW)[43].
This type of gyroscope based on an anomalous dispersion struc-
ture is also called a fast light gyroscope.
Beihang University is a major research unit in the field of

dispersion control[42–48]. In 2016, Zhang et al. of Beihang
University proposed using erbium-doped lithium niobate film
to prepare a CROW[46], as shown in Fig. 6. The dispersion rela-
tionship of the entire CROW was modulated by adjusting the
phase of the Mach–Zehnder interferometer (MZI), thereby
improving the sensitivity of the IROGs. In 2019, they proposed
placing the dispersion medium in a slit resonator and using the
linewidth broadening of the resonator to measure the rotation
angular velocity of the gyroscope[49]. This self-referenced mea-
surement method does not depend on high-Qmicrocavities and
can eliminate the lock-in effect of the resonant gyroscope. This
scheme enhances the sensitivity of the gyroscope by at least four

orders of magnitude in a low Q micro-resonator. In addition to
doping and dispersion control, some researchers have also uti-
lized nonlinear effects[50] and weak value amplification[51] to
enhance the performance of optical microcavities and achieve
high-performance IROGs.

3.2 Sagnac effect enhancement

One method to improve the performance of IROGs is to
enhance the Sagnac effect, in addition to increasing the optical
performance of the resonant cavity. Various schemes have been
proposed to enhance the Sagnac effect, including reducing noise,
utilizing Brillouin scattering, exploiting exceptional points, and
using exceptional surfaces.
In 2018, researchers from the California Institute of

Technology[42] utilized the reciprocity of a passive optical net-
work to increase the gyroscope signal-to-noise ratio, resulting in
the development of the world’s smallest gyroscope on a 2mm2

silicon chip with a random walk angle of 650 deg/
p
h. Notable

research groups working on Brillouin scattering include Zhang’s
and Silver’s team at Caltech[49,50], the University of California,
Santa Barbara, and Honeywell[51]. Li’s team proposed the
SiO2 micro-ring-based Brillouin gyroscopes in 2017[52] and in

Fig. 5. Schematic diagram of the resonant microcavity platform. (a) SiO2
[26], (b) SiN[31], (c) polymer[34], (d) LRSPP[35], (e) CaF2

[38], and (f) InP[36].

Fig. 6. Schematic diagram of CROW[46].
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2020, Lai et al. proposed the chip-scale ring laser gyroscope[53],
both demonstrating the ability to measure Earth’s rotation due
to its stability and sensitivity. The team at the University of
California, Santa Barbara collaborated with Honeywell in
2019[54] to develop a low-loss SiN micro-ring-based Brillouin
gyroscope that operates in the 405 nm to 2350 nm wavelength
range and can be integrated with other optical components. The
use of exceptional points has also been explored by several
research teams, including the California Institute of
Technology[55], Politecnico di Bari[56–58], Pennsylvania State
University[59], andHarbin EngineeringUniversity[60] [Fig. 7(a)].
The De Carlo group at Politecnico di Bari proposed parity-time
(PT) symmetric[56] and anti-parity-time (APT) symmetric[57]

optical gyroscopes in 2017 and 2020, respectively. APT symmet-
ric gyroscopes have been shown to exhibit better performance,
displaying a real eigenfrequency splitting. Moreover, Zhong
et al.[61] introduced the concept of an exceptional surface (ES),
which is a high-dimensional feature surface embedded with
numerous exceptional points. Research groups at Beihang
University[62], Tsinghua University[63,64], and Michigan
Technological University[61] have made significant progress in
studying ES, as shown in Fig. 7(b).
From a macro perspective, precision integration of optical

gyroscopes can be achieved through two main approaches: uti-
lizing a high Q resonant cavity and an enhanced Sagnac effect.
The sensitivity of the IOGs is inversely proportional to the Q
value and cavity length of the resonant cavity. While a longer
cavity length leads to higher Q values, it does not meet the
requirement for small-sized integration. To address this issue,
future development of IOGs will focus on achieving high Q val-
ues with shorter cavity lengths, which will require improvements
in fabrication processes to reduce optical losses and achieve
high-performance IOGs in smaller volumes. Regarding the res-
onant micro-cavity platform, SiN and SOI platforms have been
extensively investigated for high-precision IROGs, with SiN
platforms showing high polarization extinction ratios and SOI
platforms being the mainstream platform for future IROGs.
In terms of enhancing the Sagnac effect, the development of a
Brillouin IROG is expected to be the mainstream direction for
the next generation of commercial IROGs. Although significant
theoretical and experimental work has been conducted on the
sensing performance of exceptional points (EPs) and excep-
tional surfaces, many aspects of these approaches remain

unexplored. Furthermore, the issue of whether EPs and ESs
can improve the signal-to-noise ratio in IROGs requires further
investigation.

4. Conclusion

In this paper, we provide an overview of the research progress in
integrated interferometric optical gyroscopes (IIOGs) and inte-
grated resonant optical gyroscopes (IROGs) and compare their
strengths and limitations. Our analysis has shown that IIOGs
demonstrate superior accuracy, stability, and commercialization
potential compared to IROGs.
The fundamental shot noise limited sensitivities[5] of the

IIOGs and IROGs can be represented by Eqs. (1) and (2) for ease
of comparison,

δΩ ≈

�
c
LD

��
λo
2

�

�ηDNpτ�1=2
, �1�

δΩ ≈

�
c
LD

��
λo
F

�

�ηDNpτ�1=2
, �2�

where δΩ is the uncertainty in the rotation rate caused by the
presence of shot noise; c and λ0 are the speed of light and wave-
length in vacuum, respectively; and ηD and Np are the quantum
efficiency of the photodetector and the number of detected pho-
tons per second, respectively. for IIOG, L and D are the length
and diameter of the coil, respectively. For the IROGs, L andD are
the length and diameter of the resonant cavity, respectively.
As seen in Eqs. (1) and (2), the sensitivity of an IROG is com-
parable to the sensitivity of an IFOG that is F=2 times larger
(where F is the finesse of the resonant cavity, related to Q).
For a finesse value of 100, it is theoretically anticipated that
the shot noise-limited sensitivity of the resonator will be fifty
times higher when compared under identical conditions of coil
length, diameter, and optical power. Consequently, the precision
of IIOGs surpasses that of the IROGs. Additionally, IROGs
encounter significantly more intricate technical challenges, pri-
marily due to its reliance on an exceptionally coherent light
source. Moreover, the mitigation of various parasitic effects in
IROGs is not as straightforward nor as efficient as in the case of
the IIOGs. In the IIOGs, the use of a broadband, low-coherence
source serves as an effective solution to these issues.
In the realm of manufacturing technologies, it is evident that

IIOGs and IROGs face distinct challenges. For IIOGs, future
research is anticipated to concentrate on hybrid integration.
This entails addressing various technical issues, such as reducing
coupling losses between the components and optical fibers,
suppressing relative intensity noise in light sources, and mitigat-
ing polarization noise in optical paths. On the other hand,
IROGs show great potential for miniaturization, but achieving
small cavity lengths with high Q remains a critical challenge.
Furthermore, the development of Brillouin IROGs is poised
to become the mainstream direction for the next generation

Fig. 7. (a) Schematic diagram of IROGs based on exceptional points[59].
(b) Schematic diagram of IROGs based on exceptional surfaces[63].
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of commercial IROGs. However, enhancing the signal-to-noise
ratio and stability in Brillouin IROGs warrants further explora-
tion. Despite the current limitations related to core materials,
fabrication processes, and technologies, IROGs continue to
be a highly promising avenue for future integrated optical
gyroscopes.
In the realm of material platforms, thin-film lithium niobate

is regarded as the most promising platform for achieving
high precision. However, challenges such as high polarization
extinction ratios and low coupling losses need to be effectively
addressed. Meanwhile, silicon-based platforms, which are
widely adopted for cost-effective and compact IOGs, require
further enhancements to ensure stability across diverse
environments.
In summary, optical gyroscopes, as conventionally designed,

comprise discrete optical components, leading to larger physical
dimensions and intricate assembly processes, which in turn pose
challenges for cost reduction. Consequently, the foreseeable
trajectory unmistakably points toward the development and
production of integrated optical gyroscopes (IOGs). These
IOGs are characterized by their potential for large-scale, rapid
manufacturing, compact form factors, cost-effectiveness, and
enhanced reliability. By elucidating the existing challenges and
delineating the prospective research directions for both inte-
grated interferometric optical gyroscopes (IIOGs) and inte-
grated resonant optical gyroscopes (IROGs), our objective is
to furnish a comprehensive overview of the current state of this
field.
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