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Design of Silicon Nitride Based TE-Pass Polarizer at
850 nm for Integrated Fiber Optic Gyroscope

Zhiyu Guo, Ningfang Song

Abstract—In recent years, the rapid development of integrated
optics provides a novel approach to realize miniaturized and
lightweight fiber optic gyroscope (FOG). This paper proposes a
TE-pass polarizer based on the silicon nitride on insulator (SNOI)
platform operating at 850 nm, whose insertion loss is lower than
1.02 dB with the polarization extinction ratio (PER) larger than
47 dB. The proposed polarizer could directly edge-couple to the
thin film lithium niobate (TFLN) modulator with a negligible loss
(<0.19 dB) to form a combined hybrid modulator, which integrates
the function of modulating, splitting, and polarizing. Compared
with the traditional bulk lithium niobate modulator, the utilization
of the hybrid modulator in FOGs could increase the optical power
entering the fiber coil by 68% at 850 nm, which greatly facilitates
the improvement of FOG precision. Furthermore, the undesired
residual intensity modulation effect in the bulk lithium niobate
modulator is also theoretically avoided by employing the hybrid
modulator.

Index Terms—Integrated optics, fiber optic gyroscope, TE-pass
polarizer.

1. INTRODUCTION

OWADAYS, profit by the rapid development of integrated
N optics, the research on the miniaturized fiber optic gy-
roscope (FOG) has advanced to a new stage [1]. The on-chip
integration of the discrete components in FOGs have been
widely reported, including the on-chip laser source [2], the
waveguide coils [3], [4], the integrated coupler chip [5], [6],
and the multiple-quantum-well phase modulator [7]. Moreover,
based on the multi-device integration, the optical transceiver
module [8], [9] and the chip-scale integrated optical driver (IOD)
[10] for FOG application are also proposed, stepping towards
the full integration of the FOG. Among these researches, the
integration of modulators is always of great interest, which is due
to its determining effect on the FOG performance. Recently, the
breakthrough research on the thin film lithium niobate (TFLN)
modulator has been widely reported [11], [12]. Cheng Wang et
al. design and fabricate the TFLN modulator, realizing 100 GHz
bandwidth and 4.4 V half-wave voltage within a 5 mm-length
TFLN modulator [13]. Based on the hybrid integration platform
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of the TFLN and silicon, a low-loss vertical coupling structure
is brought in a 3 mm-length TFLN modulator, which performs
>70 GHz bandwidth and 7.4 V half-wave voltage [14]. Through
the introduction of the micro-structured electrodes, P. Kharel
et al. achieve the 50 GHz bandwidth and 1.35 V half-wave
voltage in a 20 mm-length modulator simultaneously [15]. Be-
cause of the excellent electro-optical properties and low-power
consumption, TFLN has become an ideal material for next-
generation modulators in integrated FOGs.

However, the currently proposed TFLN modulators could not
be singly used in the integrated FOG. Typically, in the high-
performance FOG, a polarizer with high polarization extinction
ratio (PER) is significant for suppressing the polarization-related
error in the fiber coil. In the traditional FOG, the bulk lithium
niobate modulator not only modulates the propagating light, but
also performs as the beam splitter and polarizer [16]. The bulk
lithium niobate modulator consists of a Y-branch waveguide,
which could split the beam and then guide it into the followed
fiber coil. Besides, the Y-branch waveguide is fabricated by the
annealed proton exchange process, where only the TE mode is
supported [17], [18]. When the fundamental mode is launched
into the bulk lithium niobate modulator, the TE mode could
propagate stably in the waveguide, but the TM mode could
not be confined within the waveguide and would leak into the
substrate, resulting in the light polarizing naturally, as shown
in Fig. 1. Nevertheless, since the different fabrication process,
the TE mode and TM mode are both strongly confined in
the TFLN waveguide, so a polarizer design is necessary when
the TFLN modulator is used in the integrated FOG. However, the
etching process for lithium niobate still faces many difficulties
including the waveguide sidewall angles (generally 60~80°),
and it is challenging to realize dense and complex patterns on
this platform. Therefore, considering the material similarity in
the refractive index and transparency window, a polarizer design
based on the silicon nitride (Si3N,) platform is proposed in this
paper [19], [20].

The proposed TE-pass polarizer could directly edge couple to
the TFLN modulator with a negligible coupling loss to form a
hybrid modulator, which integrates the function of modulating,
splitting, and polarizing. Compared to the bulk lithium niobate
modulator widely used in the current FOG, the hybrid modulator
redirects the TM mode that should have leaked into the substrate,
improving the optical power entering the fiber coil by 68% at the
wavelength of 850 nm, which benefits the improvement of FOG
precision. Furthermore, due to the redirection rather than scat-
tering of the TM mode (as illustrated in Fig. 1(b)), the undesired
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Fig. 1. The 3D diagram (a) and side view (b) of the beam propagation in the
traditional bulk lithium niobate used in the FOG.
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Fig. 2. The diagram of the TE-pass polarizer edge-coupling to the thin film
lithium niobate (TFLN) modulator.

residual intensity modulation effect in the bulk lithium niobate
modulator would not exist in the hybrid modulator theoretically
[21]. This paper provides an easily implemented approach to
realize on-chip light polarizing, which is also compatible with
the TFLN modulator, paving the way for the application of TFLN
modulator in the integrated FOG.

II. POLARIZER DESIGN AND OPTIMIZATION

The schematic diagram of the TE-pass polarizer is presented
in Fig. 2, which is composed of two components: the polariza-
tion beam splitter (PBS) and the polarization rotator (PR). The
mode launched from Port 1 is first split into the TM mode and
TE mode by the PBS, which subsequently enter two separate
channels. The TM mode would first propagate through the PR
and be rotated by 90°, converting into the TE mode. Then the
rotated-obtained TE mode would pass a directional coupler and
arrive at Port 2. In the directional coupler, the residual TM mode
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Fig. 3.

The diagram of the polarization rotator (PR).

would be filtered out to improve the polarization extinction ratio
(PER) of the device. Meanwhile, the TE mode early split by
the PBS would also experience the filter process for purification
and then arrive at Port 3. Finally, two TE mode beams with
ultra-high PER are obtained and prepared to be launched into the
TFLN modulator. After the low-loss edge coupling to the TFLN
waveguide, the beams enter the TFLN modulator for further
modulation and finally inject into the fiber coils.

In the following design, the 3-D eigenmode expansion (EME)
algorithm and finite-difference time-domain (FDTD) method
are utilized to optimize the structural parameters. Besides,
considering the accuracy of FOG is inversely proportional to
the operating wavelength, the proposed polarizer is optimized
centered on 850 nm wavelength, which is the ideal operating
wavelength for the miniaturized FOG [7].

A. Polarization Rotator (PR)

The polarization rotator (PR) is the core component of the
proposed polarizer, which rotates the TM mode to the TE mode.
Moreover, the PR shows more sensitivity to the structure based
on our early research, so this paper starts with the design of
the PR, and then accordingly determines the other waveguide
dimension. Fig. 3 presents the proposed PR structure, which is
composed of three parts: the input part, the rotation part, and the
output part. The input and output part are SizN, waveguide with
identical dimensions, supporting both TE and TM mode. The
rotation part is a hybrid material waveguide composed of SigNy
and SiON. The SiON is an emerging choice for integrated optics
with the advantages of flexible refractive index, which could
vary from the 1.45 of SiO3 to 1.99 of SizNy by controlling the
element proportion of oxygen and nitrogen during fabrication
[22]. In the proposed design, the refractive index of SiON is set
as 1.60 at 850 nm [23], while the refractive index of SizNy, is 1.99
at 850 nm. As Fig. 3 presents, the hybrid waveguide is composed
of four rectangular waveguides based on the SizN, and SiON
with the same width and height denoted as W and H. Due to the
centrosymmetric distribution of the hybrid waveguide, it could
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waveguide height H.

support two hybrid modes (Hp; and Hp2) whose optical axes are
rotated by 45° with respect to the x and y axes. When the TM
mode is launched into the hybrid waveguide, the Hp; and Hp,
modes would be excited and propagate with different propaga-
tion constants, 3, and (35 respectively. Therefore, a 7rad phase
difference between the two hybrid modes would be accumulated
after the beam propagates for a half-beat length L, = ﬁ ,
resulting in the rotation of the TM mode by 90°. Accordingly,
the TM mode is rotated into the TE mode, and the length of the
rotation part equals to the half-beat length L, of the two hybrid
modes.

The rotation angle 6 of the optical axis induced by the hybrid
waveguide is defined as [24]

n(x,y) - BZ(z,y)dvdy

where n(x,y) is the refractive index distribution of the wave-
guide, and E,(x,y) and E,(x,y) are the transverse and horizontal
electrical components of the hybrid mode, respectively. The
variation of ¢ with the waveguide width W and height H is
calculated, as demonstrated in Fig. 4. It can be concluded that for
a constant waveguide height H, the rotation angle 6 is inversely
proportional to the waveguide width W. The parameter groups
which make 6 equal to 45° are all marked with circles in Fig. 4.
When selecting the optimal parameter group, an overly small
waveguide would lead to an increased difficulty for fabrication.
Meanwhile, the waveguide dimension should not be too large to
prevent the exciting of the higher order modes not only in the
hybrid waveguide but also in the input/output SisN, waveguide.
After taking these factors into consideration, the width W and
height H of the rectangular waveguide are selected as 250 nm
and 200 nm, respectively. Therefore, the width and height of the
whole hybrid waveguide is 2W and 2H, i.e., 500 nm and 400 nm.
Based on this parameter group, the half-beat length L, of the two
hybrid modes is correspondingly calculated as 11 pm, which is
also the length of the rotation part.
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The beam propagation in the PR for TM mode (a) and TE mode (b).

Fig. 5.

Here, it is worth mentioning that the fundamental mode in the
proposed rectangular Siz N, waveguide does not exist as the pure
TE or TM mode, but presents as the quasi-TE or quasi-TM mode.
By employing the Finite-Difference Eigenmode (FDE) solver,
the quasi-TE and quasi-TM mode are calculated, whose TE
polarization fractions are deduced as larger than 99% and lower
than 1%, respectively. Besides, the refractive index difference
between themis also obtained as about 0.016. For clarification, in
this paper, the mentioned TE and TM mode confined within the
rectangular waveguide all refer to the quasi-TE and quasi-TM
mode, respectively.

Fig. 5 presents the beam propagation in the proposed PR when
the TM mode is launched. The electric field intensity of the TM
mode gradually decreases along the rotation part while that of the
TE mode increases, demonstrating the conversion from the TM
mode to the TE mode. The performance of the PR is evaluated
by the polarization extinction ratio (PER) and insertion loss (IL),
which are defined as [25]

Prg )
Prys

IL=—10lg <]]}>

where Pr); and Prp correspondingly represent the output
power of the TM mode and TE mode at the output end of the
PR, P, and P; are the total output and the input power of the PR,
respectively. The SLD source for FOG application operating
at 850 nm typically has a bandwidth of 30 nm [26], so the
wavelength sensitivity of PR is taken into discussion in a larger
range of 850 & 75 nm, fully covering the operating bandwidth of
the SLD source. Fig. 6 illustrates that the PER of the PR reaches
the maximum of 29 dB at 850 nm and keeps a level beyond
22 dB within the bandwidth of 850 nm=£15 nm. The variation of

PER = 10 lg<
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PER with the wavelength implies the wavelength dependence of
the PR, which results from the relevance between the half-beat
length L, and the operating wavelength. Meanwhile, the IL
of the PR is less than 0.7 dB within the range of 850 nm =+
15 nm, which is mainly caused by the coupling loss at the
facet between the hybrid waveguide and the input/output SizNy
waveguide. Due to the different mode field distribution of the
hybrid mode Hp; (i = 1,2) and traditional TM/TE mode, an
undesired coupling loss would be introduced at the coupling
facet, which is a parasitic effect in this design [27].

B. Polarization Beam Splitter (PBS)

The PBS splits the fundamental mode into the TE mode and
TM mode, which significantly determines the PER of the whole
polarizer. Typically, in the formation of a high-performance
FOG, a polarizer with the PER around 50 dB is necessary [28],
[29]. Therefore, although many novel structures for PBS with
ultra-small footprint have been proposed, the directional coupler
(DC) structure is still employed in the proposed design because
of the attractive properties of high PER and low fabrication
challenge. Asillustrated in Fig. 7, the proposed PBS is composed
of three independent DCs denoted as DC;, DCs, and DC3. The
TM and TE mode launched from the input port are first split
within the DC1, and then enter the DCy and DCs, respectively.
The TM mode would couple again in the DCy and emit at the
cross-port, which would be joint with the PR. Simultaneously,
to improve the PER of the TE polarization, the TE mode passes
the DC3 performing as a TM mode filter, where the residual TM
mode would be guided out without arriving at the through-port.
Accordingly, the TM and TE mode are split and emit from the
cross-port and through-port of the PBS respectively. Given that
the DC3 only performs as a mode filter and has little influence
for the mode splitting, the PBS design starts with DC; and DCs.

In the design of DC; and DCs, the width (W, W5) and
central angle « of the bent waveguide are optimized to meet
the phase-matching condition for TM mode only, i.e., g -R1 =
nefp-Ro, where n gy and n.gp are the refractive indices of the TM
mode in the two bent waveguides [30]. For the TE mode, a large
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Fig. 7. The 3D diagram (a) and top view (b) of the polarization beam splitter
(PBS).

phase mismatch is necessary for the weak cross coupling. It has
been reported that, to realize the low loss propagation in the bent
SisN4 waveguide, the bending radius is preferably larger than
20 pm [31]. Therefore, considering both the low bending loss
and large phase mismatch for the TE mode, the bending radius R
and R, of the bent waveguide are chosen as 25 pum and 25.75 pm,
respectively. Fig. 8 shows the calculated n.g1-Ry and negn-Ro
of the bent waveguide varying with the waveguide width. For
the convenience of easy connection with the PR, the waveguide
width W, and height H; of the input and output waveguide are
correspondingly set as 500 nm and 400 nm, which is identical
to that of the PR. Accordingly, the waveguide width W, is
determined as 719 nm to fulfil the phase-matching condition
for TM mode, while a large phase mismatch is conducted for
the TE mode at the same time. Based on the above parameters,
the gap G; between the two bent waveguides is about 140 nm,
which could be realized regarding the electron beam lithography
process. Besides, to spatially separate the TM and TE mode
which has been split by the DC;, a straight waveguide /; with
the length of 3 um is introduced to connect the DC; and DCo,
guiding the TM mode into DCs. Meanwhile, the TE mode is
guided by a bent waveguide R3 with a bending radius of 20 ym
into the DCj;.

The effect of the central angle « of the bent waveguide on
the transmissions are discussed separately for TE and TM mode
without DC3, as Fig. 9 depicts. It can be seen that due to the phase
mismatch between the two bent waveguides, the transmission for
TE mode is insensitive to the central angle ov. However, for the
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TM mode, the center wavelength of the transmission experiences
a gentle shift as the central angle « increases from 54° to 58°,
which is caused by the wavelength dependence of the evanescent
coupling [32]. To stabilize the center wavelength at 850 nm, the
central angle « of the bent waveguide is chosen as 55°.

To further improve the PER for TE polarization, the DCj is
introduced to filter out the residual TM mode emitting from
the through-port. Similarly, in the design of DCs, a straight
waveguide with 400 nm height is employed to create the phase-
matching condition for the TM mode only, simultaneously lead-
ing to a large mismatch for TE mode. It is found that when
W3 equals 1.172 pm, the TM; mode of the straight waveguide
matches with the TMy mode of the output waveguide of the PBS,
while the TE mode of the output waveguide performs a mismatch
with any guided mode in the straight waveguide. The gap G
between the straight waveguide and the output waveguide is
optimized as 150 nm considering both the insertion loss and
fabrication difficulty. Fig. 10 shows the transmission of the TE
and TM mode when the DCj3 is cascaded at the through-port as
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(a) TM mode; (b) TE mode.

the coupling length /5 varies from 23 pm to 28 pm. It can be
concluded that the introduction of the DCj3 has little influence on
the transmissions at the cross-port for both TE and TM mode.
At the trough-port, because of the large mismatch for the TE
mode, the extra loss resulting from the cross coupling in the
DCj3 could also be neglected. However, the TM mode at the
trough-port is effectively depressed by the DC3, which presents
a 35 dB decrease in transmission at 850 nm compared with that
without the DCs. Finally, when selecting the optimal coupling
length /[, = 26 pum, the PER of the PBS achieves the maximum
of 53 dB for TM mode and 52 dB for TE mode at 850 nm, and
maintains beyond 34 dB for TM mode and 35 dB for TE mode
in the range of 850 nm=*15 nm. Fig. 11 illustrates the beam
propagation of the TM and TE mode in the proposed PBS at the
wavelength of 850 nm.

C. TE-Pass Polarizer

The TE-pass polarizer is cascaded by the PBS and PR.
Due to the uniform design of the waveguide dimension
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(a) TM mode; (b) TE mode.

(500 nm x 400 nm), it is unnecessary to introduce any additional
connection structure between the PBS and PR. In the proposed
polarizer, the TM mode launched into Port 1 would pass the
cross-port of the PBS and enter the PR, finally arrive at Port
2. In contrast, the TE mode launched into Port 1 would pass
the through-port of the PBS and eventually reach Port 3. The
performance of the cascade structure is accordingly discussed,
and the result indicates that the PER for the TE mode outputting
at Port 3 shows little difference with that of the through-port
of the PBS. However, for the TE beam arriving at Port 2, the
PER of the cascade structure only reaches ~20 dB at 850 nm,
which is ~33 dB lower than that of the TM mode at the
cross-port of the PBS. There are two main explanations. First,
due to the limited conversion efficiency of the PR, the TM
mode entering the PR could not be entirely conversed to the
TE mode, decreasing the PER of the TE mode at Port 2. Second,
the residual TE mode at the cross-port of the PBS would be
rotated into the TM mode after passing through the PR, further
degrading the PER of the TE mode at Port 2. To increase the
PER of the TE mode at Port 2, a TM mode filter is added
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Fig. 12.  The diagram of the TE-pass polarizer.

after the PR, whose structure is identical to the DC3 used in
the PBS. The whole structure of the proposed TE-pass polarizer
is then obtained as Fig. 12 shows, which occupies a footprint of
86 um x 24 pm.

Fig. 13 depicts the beam propagation in the proposed TE-pass
polarizer when the TM and TE mode are individually launched
into the device. The input TM mode split by the PBS enters the
PR and is rotated into the TE mode, so the electric field intensity
of the TM mode gradually weakens and is replaced by that of
the TE mode during the propagation. In contrast, the input TE
mode split by the PBS would almost completely pass the device
and arrive at Port 3. The PER and IL of the TE-pass polarizer is
calculated for Port 2 and Port 3 individually, as shown in Fig. 14.
For the TE mode at the Port 3, the IL is 0.12 dB and the PER is
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Fig. 13.  The beam propagation in the TE-pass polarizer when the TM mode
(a) or TE mode (b) is launched in Port 1.

52 dB at 850 nm, which keep lower than 0.2 dB and higher than
36 dB respectively within the wavelength of 850 nm + 15 nm.
However, for the TE mode at the Port 2, the IL is 1.02 dB and
the PER is 47 dB at 850 nm, which keep lower than 1.26 dB and
higher than 35 dB respectively from 835 nm to 865 nm. One
reason for the higher IL at Port 2 is the cross-coupling of the TM
mode in the PBS, resulting in the double of the cross-coupling
loss. The other reason is that the introduction of the PR causes
the undesired coupling loss at the facet between the waveguides
with different materials, as discussed before.

D. Coupling Between the TE-Pass Polarizer and TFLN
Modulator

Due to the similar refractive index and similar transparency
window to the TFLN material, the SizN4 has been considered as
the ideal material for hybrid integration with the TFLN platform
[19]. Here, the feasibility of direct edge coupling between the
proposed polarizer and the TFLN modulator is discussed. As
shown in Fig. 15, the separately manufactured TFLN and SigNy
chips are high-precision aligned at the polished surfaces. After
bonding to the polarizer, the TFLN modulator could integrate
the function of light polarizing, and meet the demand for FOGs
or other applications with polarization requirement. Besides, it
should be claimed that the TE mode mentioned here also refers
to the quasi-TE mode.

As Fig. 15 shows, the TFLN waveguide is edge-coupled to
the output SizN, waveguide of the proposed polarizer. Given
the fact that the practically etched TFLN waveguide presents a
sidewall angle (generally 60~80°), the TFLN waveguide model
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is set as a double-layer structure, including a planar film as the
lower layer and a trapezoidal line waveguide as the upper layer.
The trapezoidal line waveguide is obtained by the dry etching
process, so the height of the trapezoidal waveguide Hp, is the
etching depth on the TFLN wafer. In this paper, the sidewall
angle of the TFLN waveguide is selected as 70°, which has
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The beam propagation from the SizNy waveguide to the TFLN

been stably achieved and widely reported [27]. To minimize
the coupling loss, the sum of the film thickness and trapezoidal
waveguide height Hy y is fixed at 400 nm, which is identical
to the height of the SizNy waveguide of the proposed polarizer.
Accordingly, the bottom width of the trapezoidal waveguide is
also set identically to the width of the SizN4 waveguide, i.e.,
500 nm. Thus, the top width of the trapezoidal waveguide W,y is
solely determined by the height Hy,y (W n = 500 — tiﬁ%\é) ),
and the profile of the double-layer TFLN waveguide model is
also accordingly determined.

Fig. 16 illustrates the variation of the transmission of the edge
coupling model with the trapezoidal waveguide height Hy v (i.e.,
the etching depth on the TFLN wafer). It can be seen that the cou-
pling loss between the Siz N, waveguide and TFLN waveguide is
insensitive to the operating wavelength but directly determined
by the profile of the TFLN waveguide. As the etching depth Hy,
increases from 100 nm to 400 nm, the coupling loss between
the SisN, waveguide and TFLN waveguide decreases rapidly
and then stabilizes at a fairly low level. After the simulation, the
optimal etching depth H, y is found as 300 nm, and the coupling
loss between the SizN, waveguide and TFLN waveguide is
calculated, which presents lower than 0.19 dB within the range
of 850 nm=-15 nm. Fig. 17 shows the beam propagation in the
established edge-coupling model.
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Si3N, wafer

SiON
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Fig. 18.  The fabrication process designing for the proposed PR.

Thus, combing the coupling loss between the SisN, wave-
guide and TFLN waveguide, the total IL of the hybrid modulator
composed of the TE-pass polarizer and the TFLN modulator
could be calculated at 850 nm, which is 1.21 dB and 0.31 dB
at Port 2 and Port 3, respectively. In the traditional bulk lithium
niobate modulator, the TE mode could pass through but the TM
mode would leak into the substrate, so only 50% of the input
optical power is utilised for modulation and subsequently enters
the fiber coil. However, in the proposed hybrid modulator, the
TM mode would be redirected and then converted into the TE
mode for modulation, finally entering the fiber coil. Therefore,
taking into account the IL at Port 2 and Port 3, theoretically
84% of the input optical power is utilised in the proposed hybrid
modulator, which is improved by 68%.

However, the coupling loss of the SizNy chip should also
be taken into consideration when evaluating the performance
of this design. In the traditional bulk device, the fundamental
mode of the lithium niobate waveguide presents a comparable
size with that of the fiber, and the coupling loss between them
could be neglected. But in the design of Si3N, waveguide, due to
the mode mismatch, the coupling loss has become a complicated
and common problem. Currently various designs on the spot size
converters and grating couplers are reported, and the theoretical
coupling loss between the SizN, chip and lensed fiber is reduced
to 0.22 dB [33], [34]. Besides, based on the spot size converter,
the coulpling between the integrated waveguide with the light
source is also discussed, presenting a coupling loss of 0.63 dB
[35], [36]. To realize the ideal performance in this design, more
efforts should be made on the optimization of the chip coupling
loss.

III. FEASIBILITY AND TOLERANCE OF THE FABRICATION

The proposed TE-pass polarizer is composed of the PBS and
PR, and by employing the electron beam lithography (EBL)
process, the pattern of the PBS structure could be directly writing
on the electron beam resist and then transferred on a SigN, wafer
through the one-step inductively coupled plasma (ICP) etching
process. However, the fabrication feasibility of the proposed PR
remains to be discussed. Here, the fabrication process designing
for the proposed PR is illustrated as shown in Fig. 18, mainly
involving in the fabrication of the hybrid material (SizN4 and
SiON) waveguide.

Based on a silicon nitride on insulator (SNOI) chip, the SizNy
waveguide at the bottom of the hybrid waveguide is first obtained
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Fig. 19. The influence of the fabrication defect on the performance of the PR.

by the EBL&ICP process. Then, the 200 nm thickness SiON film
is deposited on the obtained SizNy chip through the low pressure
chemical vapor deposition (LPCVD) process. After adjusting
the proportion of deposited gas, a 200 nm thickness SizNy
film is continuously deposited on this chip, which followed by
the chemical mechanical polishing (CMP) process on the chip
surface. Finally, the hybrid waveguide is achieved utilizing the
EBL&ICP process on the twice-deposited chip.

In this fabrication process, due to the existence of the differ-
ence in height, the deposited SION waveguide above the etched
SizN, waveguide might present a sidewall angle ¢, as Fig. 19
depicts. Therefore, the influence of the sidewall angle ¢ on the
PR performance is investigated. Fig. 19 presents that the defect
of the waveguide sidewall has few influences on the IL of the
PR, as it fluctuates within the range of less than 0.1 dB as the
sidewall angle ¢ varies from 60° to 90°. However, the PER of
the PR presents slight sensitivity to the sidewall angle ¢, which
drops from 29 dB to 15 dB as ¢ decreases from 90° to 60°. The
defect of the waveguide sidewall would change the distribution
of the hybrid modes Hp; and Hp., whose optical axes are no
longer rotated by 45° with respect to the x and y axes. Thus, the
conversion efficiency of the PR would be degraded, and the PER
is accordingly decreased. However, when the sidewall angle ¢
exceeds 72°, the PER of the PR can still be higher than 20 dB at
the wavelength of 850 nm. Furthermore, the residual TM mode
that are not rotated into the TE mode would be filtered out by the
TM filter before arriving at the Port 2 of the polarizer. Therefore,
the PER degradation of the PR induced by the sidewall defect has
little impact on the performance of the whole TE-pass polarizer.

IV. CONCLUSION

This paper proposes a TE-pass polarizer based on the SNOI
platform operating at 850 nm, which is composed of the PBS and
PR, occupying the footprint of 86 ;zm x 24 ;sm. The fundamental
mode injected into the polarizer would first be split into the TM
and TE mode by the PBS, and the TM mode would subsequently
enter the PR to be rotated into the TE mode and emit from the
Port 2 of the polarizer. In contrast, the TE mode split by the
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PBS would directly emit from the Port 3 of the polarizer. The
simulation result shows that the IL of the polarizer is 1.02 dB
and 0.12 dB at 850 nm at Port 2 and Port 3 respectively, while
the PER is 47 dB and 52 dB respectively.

The proposed TE-pass polarizer could directly edge-couple
to the TFLN modulator with a wavelength-insensitive coupling
loss (<0.19 dB) to form a hybrid modulator, which integrates
the function of modulating, splitting, and polarizing. Compared
to the traditional bulk lithium niobate modulator, the utilization
of the hybrid modulator in FOG could redirect the TM mode and
thus improve the optical power entering the fiber coil by 68% at
850 nm, which benefits the improvement of FOG precision. Fur-
thermore, the undesired residual intensity modulation effect in
the bulk lithium niobate modulator is also theoretically avoided
in the hybrid modulator. This paper bypasses the challenging
etching process on the TFLN and designs a TE-pass polarizer
compatible with the TFLN modulator, paving the way for ap-
plying TFLN modulators to integrated FOGs or other scenarios
with polarization requirement.
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