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The presence of polarization noise generated by the waveguide resonator limits the performance of a resonant
integrated optical gyroscope (RIOG). Using silicon nitride (Si3N4) to fabricate a waveguide with an ultralow-
aspect-ratio can result in a resonator that only supports light transmission in a single-polarization state, sup-
pressing polarization noise. We successfully fabricated a Si3N4 resonator with a bending radius of 17.5 mm,
a finesse (F ) of 150, a quality factor (Q) of 1.54 × 107, and a propagation loss of 1.2 dB/m. The Si3N4 resonator
was used to construct a double closed-loop RIOG that showed long-term bias stability (3600 s) of 13.2°/h at room
temperature, 14.8°/h at 40°C, 21.2°/h at 50°C, and 23.6°/h at 60°C. We believe this to be the best performance
reported to date for a Si3N4 resonator-based RIOG. This advancement paves the way for the wider application of
RIOGs. © 2022 Chinese Laser Press

https://doi.org/10.1364/PRJ.456321

1. INTRODUCTION

With the development of integrated photonics, high-perfor-
mance waveguide resonators have found wide applications,
such as in ultranarrow linewidth lasers [1–3], optical frequency
combs [4–6], optical gyroscopes [7], and biosensors [8,9], and
are playing an increasingly important role. At the same time,
resonant integrated optical gyroscopes (RIOGs) based on wave-
guide resonators are becoming more accurate, smaller in size,
and more highly integrated [10,11]. At present, low-cost micro-
electro-mechanical system (MEMS) gyroscopes are commonly
used in the market, and the long-term bias stability is greater
than about 10°/h, which belongs to the category of medium
and low precision. However, compared with RIOG, MEMS-
based gyroscopes are less resistant to shock and vibration, fur-
ther limiting their applications. The RIOGs employ monolithic
integration or hybrid integration technology to integrate part,
or all, of the light source, modulator, beam splitter, detector,
and other devices on a chip to realize micro-systemization.
RIOGs measure rotational angular velocity by detecting the
resonant frequency difference caused by the Sagnac effect [12].
Its core component is the waveguide resonator, and the design
and manufacture of high-performance integrated optical reso-
nators is the key to improving the performance of the RIOG.

The sensitivity of the RIOG is a function of the quality
factor (Q) and finesse (F ) of the waveguide resonator [13].
To obtain a higher performance resonator, it is necessary to

reduce the loss as much as possible. The scattering will cause
backscattered noise, distorting even the resonance curve
[14,15], which affects the ultimate sensitivity of the gyroscope.
By using different frequency modulation and carrier suppres-
sion methods for clockwise (CW) light waves and counter-
clockwise (CCW) light waves, backscattered noise can be
effectively reduced [16,17]. Advanced processing techniques
are used to improve the purity of the waveguide material and
the smoothness of the surface to reduce backscattered noise.
Meanwhile, due to the birefringence effect of the optical wave-
guide, the waveguide resonator can excite two orthogonal in-
trinsic polarization states (i.e., primary polarization state and
secondary polarization state). The secondary polarization state
will exist as noise and affect the long-term bias stability of the
gyroscope. Unlike with backscattered noise, there has to date
been no substantial progress on reducing the polarization fluc-
tuation noise that affects the long-term stability of the RIOG.
The most effective method of doing so would be to make a
resonator that only supports light propagation in a single-
polarization state [18,19].

Many materials can be used to make a resonator, such as
polymers [20,21], silica [22], and Si3N4 waveguide [23,24].
The polarization extinction ratio (PER) of the waveguide
resonator made of polymer materials can reach 39 dB [21],
but the propagation loss is high. For silica waveguides, the
propagation loss can be as low as 0.1 dB/m [22]. Because of
this advantage, most of the reported RIOGs are based on silica
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resonator. For example, Ma et al. proposed a high-accuracy
feedback loop with low-delay for a high-performance gyro-
scope, improving the dynamic range [25]. Reference [26]
reported that the long-term bias stability of the gyroscope
reached 10°/h by improving the system reciprocity. However,
the symmetrical structure makes the PER of the silica wave-
guide resonator relatively low. So, there are few reported results
of temperature-related tests on RIOGs based on silica resona-
tors. In recent years, Si3N4 waveguides that can achieve ultra-
high Q have received more and more attention. Due to the
recent progress in Si3N4, it has been used in numerous fields
[27], including light detection and ranging [28], on-chip delay
lines [29], and so on.

At present, many research institutions have conducted a lot
of research on Si3N4 waveguides and prepared Si3N4 microcav-
ities of various sizes according to different needs. Lipson et al.
produced a Si3N4 microcavity with a bending radius of 115 μm
and a measured propagation loss of 0.8 dB/m at 1560 nm [30].
Kippenberg et al. achieved a propagation loss of 5 dB/m at
1550 nm in a Si3N4 microcavity with a bending radius of
230 μm [31]. Paul et al. designed and fabricated a Si3N4 micro-
cavity with a bending radius of 300 μm and propagation loss of
0.46 dB/cm at 780 nm [32]. Poon et al. produced a Si3N4

microcavity with a bending radius of 115 μm and propagation
loss of about 0.15 dB/cm at 1550 nm [33].

The Si3N4 microcavities above were mostly designed to be
high-constrained waveguides used in narrow linewidth lasers or
optical frequency combs. There are few reports on the Si3N4

resonator designed for the RIOG. To achieve the single-
polarization performance of resonator, the Si3N4 waveguide
adopts an ultralow-aspect-ratio structure, and shape birefrin-
gence causes polarization-dependent loss. By using an ultra-
low-aspect-ratio core geometry, a total propagation loss of
�0.045� 0.04� dB=m for a 40 nm × 13 μm Si3N4 waveguide
has been reported [34]. Bowers et al. designed a Si3N4 resona-
tor with a bending radius of 9.65 mm and a propagation loss of
0.3 dB/m at 1580 nm [35]. Meanwhile, according to the latest
progress, Blumenthal et al. produced a Si3N4 resonator with a
bending radius of 11.787 mm and a propagation loss of about
0.7 dB/m [36]. But they did not employ it into the RIOG sys-
tem for testing. In our previous work, we successfully fabricated
Si3N4 resonators with bending radius of 17.5 mm and 8 mm,
and the propagation losses were 2.5 dB/m and 2.46 dB/m, re-
spectively [18,19]. Meanwhile, a gyroscope test system incor-
porating the Si3N4 resonator with a bending radius of 8 mm
was built. However, due to high propagation loss, the long-term
bias stability was only 0.68°/s [18]. As high propagation loss
limits the performance of the RIOG, designing a low-loss
processing technology is crucial for realizing high-performance
Si3N4 resonators.

In this paper, a transmissive Si3N4 bus coupled resonator
with a bending radius of 17.5 mm is successfully fabricated,
with a 40 nm thick and 4 μm wide design. The resonator has
a measured F of 150, a Q of 1.54 × 107, and a propagation loss
of 1.2 dB/m. In tests, it showed excellent single-polarization
performance in a range of temperatures. An RIOG test system
incorporating the Si3N4 resonator was built that showed long-
term bias stability of 13.2°/h at room temperature, 14.8°/h at

40°C, 21.2°/h at 50°C, and 23.6°/h at 60°C. The test results
had higher repeatability and stability than RIOG based on a
silica waveguide resonator. We believe this to be the best per-
formance reported to date for the Si3N4 resonator-
based RIOG.

2. THEORETICAL SIMULATION

The sensitivity of an RIOG can be defined as [37]

δΩ � λc
6FAN

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
e

tIPD_max

r
, (1)

F � π

arccos�2q∕�1� q2�� , (2)

where λ is the wavelength of light (λ � 1550 nm), c is the
speed of light (c � 3 × 108 m∕s), F is the finesse, A is the
effective area (A � πR2, R � 17.5 mm), N is the number
of the waveguide resonator loops, e is the electron charge
(e � 1.6 × 10−19 C), t is the integration time (t � 10 s), and
IPD_max is the maximum photocurrent generated by the
photodetector without saturation (IPD_max � 1 mA). q �
�1 − kC ��1 − aC ��1 − aL∕2�, kc is the coupling coefficient, ac
is the additional amplitude loss of the coupler, and aL∕2 is
the half-turn propagation amplitude loss of waveguide resona-
tor. Also, the additional loss of the coupler will increase with the
increase of the coupling coefficient. Therefore, the additional
loss is not a fixed value. In the simulation, it is assumed that
ac � 0.1kc . We can see from Eqs. (1) and (2) that the propa-
gation loss αL of the resonator has a great influence on the sen-
sitivity when the diameter of the resonator is constant.

Figure 1 shows the relationship between the sensitivity and
coupling coefficient for gyroscopes under different waveguide
propagation loss conditions when the resonator diameter is
35 mm. When the propagation loss is lower, the sensitivity
of the gyroscope (obtained at the optimal value of the coupling
coefficient) is higher.

As can be seen from Fig. 2, propagation loss will reduce
the peak value of the resonant curve of the resonator, and

Fig. 1. Relationship between gyroscope sensitivity and coupling
coefficient at different waveguide propagation losses.
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the transmittance of the resonator will decrease. In addition, as
the peak value of the resonant curve decreases, the full width
at half-maximum (f ) of the resonant curve also increases, as
shown in the inset of Fig. 2. As F � FSR∕f (i.e., FSR is
the free spectrum range), the F is reduced, thereby limiting
the performance of the gyroscope. Thus, reducing the propa-
gation loss of the waveguide resonator is the key to improving
the performance of the gyroscope.

The single-polarization resonators can excite only one mode,
thus suppressing the temperature-dependent polarization noise
of the RIOG. Also, the polarization model of the resonator has
been established in our previous work. Based on Eqs. (3)–(5)
[19], we can see that the polarization extinction ratio of inci-
dent light is related to factors such as the polarization-to-axis
angle at the input end of the waveguide, the polarization cross
talk of the resonator coupler, and the polarization-dependent
loss, all of which affect the resonator performance:

E1 �
�

cos σ
ejϕ0 sin σ

�
Ex , (3)

cp �
�
cos ε − sin ε
sin ε cos ε

�
, (4)
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� ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
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×

2
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L
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0
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where E1 is the electric field coupled into the waveguide res-
onator; σ is the angle corresponding to the polarization extinc-
tion ratio of the input light; φ0 is the initial phase difference
between TE and TM modes; Ex is the electric field strength of
the light; cp is the polarization cross-talk matrix of the coupler
from the input waveguide to the resonator; ε is the equivalent
cross-talk angle; B is the transfer matrix of the waveguide

resonator; αx and αy are the propagation losses for TE and
TM modes; L is the perimeter of the resonator; and β and
Δβ are the average and difference of the propagation constant,
respectively.

When the polarization axis of the incident light deviates
from the TE or TM mode directions of the waveguide, the
primary and secondary polarization states of the resonator will
be excited simultaneously. In addition, when the light passes
through the coupler, polarization cross talk will occur in the
TE and TM mode directions due to the influence of scattering
of the medium, non-ideal waveguide geometry, internal stress,
and other factors. Therefore, even if the input light is ideally

Fig. 2. Variation of the peak value of the resonance curve at differ-
ent propagation losses.

Fig. 3. (a) According to the polarization model [19] calculated
three-dimensional resonance curve output at different birefringences;
D � 35 mm, σ � 30°, ε � 3°, αx � αy � 0.5 dB=m,
kx � ky � 0.05, αCx � αCy � 0.01 dB. (b) The relationship be-
tween the resonance curve of the resonator and the polarization axis
error of the incident light; D � 35 mm, ε � 0°, αx � αy �
0.5 dB=m, kx � ky � 0.05, αCx � αCy � 0.01 dB. (c) When the
polarization-dependent loss αy � 800 dB=m, the relationship be-
tween the resonance curve of the resonator and the polarization axis
error of the incident light; D � 35 mm, ε � 10°, αx � 0.5 dB=m,
kx � ky � 0.05, αCx � αCy � 0.01 dB.
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linearly polarized and is strictly aligned with a certain polariza-
tion mode of the waveguide, due to the polarization cross talk
of the actual coupler, there will still be light with the orthogonal
polarization in the resonator. As long as the polarization cross
talk is not zero, there will be alternating destructive and
constructive interference, as shown in Fig. 3(a).

We assume that the waveguide coupler has no polarization
cross talk if the polarization axis of the incident light has a cer-
tain angle with the TE mode direction, such that the energy
distributions of the input light in the TE and the TM mode
directions are different. The factors affecting the energy distri-
bution of the incident light in the TE and the TM modes are
equivalent to the polarization axis error. Obviously, the larger
the polarization axis error, the larger the peak of the sub-
polarization state, as shown in Fig. 3(b).

However, as Fig. 3(c) shows, if the resonator has sufficient
polarization-dependent loss, then even in the presence of
polarization axis error and coupler polarization cross talk, only
one mode is excited inside the resonator. Therefore, having
sufficient polarization-dependent loss is the key to realizing
a single-polarization resonator.

3. Si3N4 RESONATOR STRUCTURE

In this paper, the structure of the Si3N4 waveguide resonator is
shown in Fig. 4(a). The resonator is a 40 nm thick and 4 μm
wide design. To improve the reciprocity of the gyroscope, the
Si3N4 waveguide resonator we designed adopts a transmissive
structure (i.e., add-drop configuration). The use of a curved
waveguide at each entrance of the resonator enables the light
source to be polarized before entering the Si3N4 waveguide res-
onator. The waveguide center spacing of the coupler is
12.5 μm, and the splitting ratio of the coupler was found to
be 0.0063. Lower splitting ratios can allow the resonator to
reach higher F [18]. However, at the same time, the transmit-
tance of the resonator also decreases with decreasing splitting
ratio. Therefore, a compromise in the splitting ratio must be
made. Mode field distributions of TE and TM modes of Si3N4

waveguides are shown in Figs. 4(b) and 4(c), respectively. The
effective refractive indices of TE and TM modes are obtained
by simulation to be 1.4773 and 1.4456, respectively. To
achieve the ideal polarizing performance, the waveguide adopts
an ultralow-aspect-ratio structure so that the loss of TM mode
can be improved as much as possible. The need for low leakage

loss imposes strict requirements on the cladding thickness of
the Si3N4 waveguide, making it difficult to realize polarization
by utilizing the longitudinal difference of the mode fields of the
two polarization states. Since the effective refractive index of the
TM mode is significantly lower than that of the TE mode, and,
as can be seen from the mode field distribution, the waveguide’s
ability to confine the TM mode is relatively weak; when the
bending radius decreases, the TM mode will not be fully con-
fined in the waveguide at first, resulting in the generation of
radiation modes that increase the bending loss of the
TM mode.

The low-loss and single-polarization Si3N4 resonator must
be fabricated in such a way to meet the requirements of high-
precision gyroscopes:

αloss � αcore � αtop � αbottom � αsidewalls � αcladding: (6)

To further reduce propagation losses, we need to understand
the characteristics of the film and determine which factors cause
losses. As Eq. (6) shows, the three types of losses in the optical
waveguide are surface scattering losses, absorption losses, and
radiation losses. The scattering is the main source of propaga-
tion loss and is mainly caused by the surface roughness of the
waveguide. Since the waveguide surface will never be com-
pletely smooth, the scattering loss will always exist. Absorption
losses are mainly caused by the residual hydrogen during the
deposition of the waveguide. In contrast, radiation losses are
generally low, and occur when the bending radius is small.

As Figs. 4(b) and 4(c) show, for Si3N4 waveguides with ul-
tralow aspect ratios, most of the light is transmitted in the silica
cladding, and so this cladding must be of high quality.
Specifically, it needs to be dense and have a low surface rough-
ness, so the thermal oxidation process is the best choice. In ad-
dition, low-pressure chemical vapor deposition (LPCVD) with
a high deposition temperature was used to deposit the Si3N4

core layer to ensure the uniformity and density of the surface
while reducing the amount of hydrogen in the waveguide.
While electron beam lithography was used to transfer the de-
signed resonator pattern to the resist to prevent defects in the
mask from being copied to the waveguide. Once the Si3N4

waveguide was fabricated, the waveguide chip could be cleaved
for coupling and light testing.

Figure 5 shows the photograph with rear illumination inside
the Si3N4 waveguide resonator taken with an infrared camera.
By adjusting the focal length of the infrared camera and select-
ing an appropriate angle, the defects in the resonator due to the
processing technology can be clearly observed. We can see that
there are several obvious scattering points inside the Si3N4

waveguide resonator, which may be caused by residual impu-
rities on the surface of the waveguide. As the upper cladding is
bonded to the rest of the waveguide, the surface of the 1 μm
silica grown by LPCVD must be polished before bonding. If
the polishing is only partially successful, the surface of the silica
remains rough, and there may even be residual particles on it,
which would seriously affect the quality of bonding and form
scattering points. As most of the light is transmitted in the clad-
ding, any scattering on the cladding surface will become a ma-
jor source of waveguide propagation loss. It will also cause
backscattered noise, which will affect the performance of the
RIOG. As the main obstacle to the successful application of

Fig. 4. (a) Structure diagram of the Si3N4 waveguide resonator,
(b) TE mode, (c) TM mode.
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RIOGs in engineering is the existence of high propagation loss
caused by the processing defect, the processing technology
must be further improved.

4. Si3N4 RESONATOR PERFORMANCE TEST

Figure 6 shows the relative test curve of the Si3N4 waveguide
resonator. Figure 6(a) depicts the Si3N4 resonance curve test
system. The output frequency of the tunable narrow linewidth
laser is linearly changed by applying a triangular wave sweep
signal. The light passes through a waveguide phase modulator
(PM) to raise the polarization extinction ratio so as not to affect
the test results before entering the resonator at point A. The
output of the resonator was converted into a voltage signal by
a photodiode (PD), and the relevant resonance curve is col-
lected on the oscilloscope (OSC). Figure 6(b) shows the trans-
mission resonance curve of the Si3N4 waveguide resonator.
From the curve, it could be calculated that the FSR was
1.88 GHz, f was 12.53 MHz, F was 150, and Q was
1.54 × 107 (i.e., Q � nLF∕λ, n is the refractive index of the

waveguide, L is the length of the waveguide, λ is the wavelength
of light). The resonance depth is 0.51 (i.e., 0.76/1.5) from the
resonance curve of the reflection end, as shown in Fig. 6(c).
The propagation loss is 1.2 dB/m through calculation. As
there were several scattering points in the resonator, it was also
possible to study the backscattering characteristics of the Si3N4

waveguide resonator. As Fig. 6(d) shows, there is frequency-
dependent backscattering, which could seriously affect the per-
formance of the RIOG. However, mature carrier suppression
technology can effectively suppress backscattered noise.

According to Eq. (3), in a waveguide resonator without
polarization-dependent loss, when the polarization state of in-
cident light is at a certain angle with the main polarization state
of the resonator, the TE and TM polarization states will be
excited simultaneously, and the relative position between the
two resonant peaks will change with the change of waveguide
birefringence. However, for the waveguide resonator with high
polarization-dependent loss, the secondary polarization state in
the incident light will be effectively suppressed. Therefore, the
obtained sweep curve contains only one resonance peak, and
the peak value will not fluctuate significantly with the change
of waveguide birefringence.

To test this latter contention, we studied the polarization
and temperature performance of the Si3N4 waveguide resona-
tor. The test system was as in Fig. 6(a), except that before the
light source enters the resonator, it is split with one part being
rotated through 30° using fiber fusion splitting so that both
polarization states of the light in the resonator can be excited.
The primary and secondary polarization states can be
distinguished by the magnitude of the resonance peak with
30° incidence.

Fig. 5. Infrared photograph of the Si3N4 waveguide resonator with
rear illumination showing scattered light.

Fig. 6. Relative test curve of the Si3N4 waveguide resonator. SG,
signal generator; ISO, isolator; PM, phase modulator; PD, photo-
detector; OSC, oscilloscope. (a) Resonance curve test system, (b) trans-
mission curve, (c) reflection curve, and (d) backscattering curve.

Fig. 7. Measured resonance curves at different temperatures:
(a) Si3N4 waveguide resonator, (b) silica waveguide resonator.
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Once again, the output light at the transmission end of the
waveguide resonator was converted into a voltage signal by a
PD which was displayed on an OSC. Finally, to measure
the temperature performance of the Si3N4 waveguide resonator
under the full birefringence period, the resonator was placed on
an electric heating plate to accurately control the working tem-
perature of the waveguide resonator. As Fig. 7(a) shows, only
one resonant peak (i.e., TE peak) can be observed at all temper-
atures; the sharpness and shape of the main polarization reso-
nant peak have not changed significantly with the change of
temperature. This shows that the Si3N4 waveguide resonator
has high polarization-dependent loss in a range of temperatures.
This is beneficial to suppressing the polarization noise of the
RIOG. As can be seen from Fig. 7(b), this is in contrast to the
behavior of a silica waveguide resonator without polarization-
dependent losses. Here, there are two resonance peaks (i.e., both
TE and TM peaks) at different temperatures, with associated
changes in the peak value of the resonance curve. As the TM
peak represents polarization noise, this would limit the temper-
ature stability of the RIOG that incorporates this silica-based
waveguide.

5. EXPERIMENTAL RESULT OF RIOG

Figure 8 shows the RIOG measurement system based on a
Si3N4 waveguide resonator with a bending radius of
17.5 mm. The light source, with a center wavelength and line-
width of 1550 nm and 1 kHz, respectively, enters the LiNbO3

PM through the optical isolator, which prevents the reflected
light from interfering with the laser and affecting the stability of
the laser, and the half-wave voltage (V π) of the LiNbO3 is
5.385 V. The PM1 and PM2 of LiNbO3 are modulated by
sinusoidal signals. To eliminate the influence of backscattered
light intensity, PM1 and PM2 use different modulation
frequencies, whose frequencies are 3.1 MHz and 2.3 MHz, re-
spectively, and their amplitudes are 8.25 V. A low-frequency
triangular wave signal with a frequency of 35.5 kHz and an
amplitude of 10.77 V is applied to PM4 to provide additional
carrier suppression to overcome the influence of backscattered
noise, while PM3 with a sawtooth wave signal is used as a
frequency shift driver to realize shift frequency and form the

second closed loop. Also, the sawtooth wave amplitude is
10.77 V. The modulated light source is divided into two chan-
nels by the LiNbO3 and enters the Si3N4 waveguide resonator
from both ends. The RIOG uses a high reciprocity transmis-
sion system [26], and the transmission paths of the CW and
CCW light are the same, which reduces the non-reciprocity
error of the gyroscope. The light output by the Si3N4 wave-
guide resonator is converted to a voltage signal by the two pho-
todiodes, PD1 and PD2. The signal of the CCW path output
by PD1 is demodulated and used as a frequency locking signal
for feedback control of the laser to adjust the laser output center
frequency to keep it locked at the resonant frequency of the
resonator. The CW signal output by PD2 is demodulated,
and then fed back to the frequency shift driver through the
proportional integral controller. When there is a rotation signal
in the system, the frequency shift driver will generate a digital
sawtooth signal, that is fed into PM3 to shift the frequency of
the laser, so that the laser frequency in the CW direction of the
resonator is also tracked and locked, creating the second closed
loop. In this double-channel closed-loop detection scheme, the
two channels are simultaneously locked at their resonant
frequencies and the rotational angular velocity is obtained
by reading the frequency difference directly.

Fig. 8. RIOG measurement system based on the Si3N4 waveguide
resonator. ISO, isolator; LiNbO3, lithium niobate; OC, optical circu-
lator; PD, photodetector; ADC, analog digital converter; DAC, digital
analog converter; Dem, demodulation; PI, proportional integral; FSD,
frequency shift driver.

Fig. 9. Measurement results of the RIOG based on the Si3N4 wave-
guide resonator at rest from the Allan variance analysis result: (a) at
room temperature, (b) at 40°C, (c) at 50°C, and (d) at 60°C.
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When the Si3N4 waveguide resonator is placed in the room
temperature environment (∼26°C) and free from the temper-
ature controller, a long-term bias stability (3600 s) of 13.2°/h is
successfully demonstrated from the Allan variance analysis re-
sult, as shown in Fig. 9(a). Experiments with the temperature of
the system set to 40°C, 50°C, and 60°C returned long-term bias
stability values of 14.8°/h, 21.2°/h, and 23.6°/h, respectively, as
shown in Figs. 9(b)–9(d), which are at the same levels as the test
results at room temperature. Thus, the RIOG shows excellent
temperature stability, which indicates that the single-polariza-
tion Si3N4 waveguide resonator can effectively suppress the
polarization noise. Meanwhile, the test results have high repeat-
ability. As far as we know, this is the best result of the Si3N4

waveguide resonator-based RIOG reported so far, and it also
promotes the engineering process of the RIOG.

6. CONCLUSION

In summary, a high-performance Si3N4 waveguide resonator
with a bending radius of 17.5 mm, an F of 150, a Q of
1.54 × 107, and a propagation loss of 1.2 dB/m was successfully
fabricated. Experiments showed that the Si3N4 waveguide res-
onator has excellent single-polarization performance in a range
of temperatures. The Si3N4 resonator was incorporated into an
RIOG test system that showed long-term bias stability (3600 s)
of 13.2°/h at room temperature, 14.8°/h at 40°C, 21.2°/h at
50°C, and 23.6°/h at 60°C. The experimental results had high
repeatability and system stability. As far as we know, this is
the best performance reported to date for the Si3N4 waveguide
resonator-based RIOG. This advancement paves the way for
the application of the RIOG.
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