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Abstract: The property of self-imaging combined with the polarization birefringence of the
angled multimode waveguide is used to design a silicon nitride (SiN) polarization splitter (PS) at
λ∼ 1550 nm. The demonstrated PS on a 450 nm thick SiN device layer (with 2.5 µm cladding
oxide) has a footprint of 80 µm×13 µm and exhibits nearly wavelength independent performance
over the C+L bands. Also, the device can be configured as a polarization combiner (PC) in
reverse direction with similar bandwidth and performance. The measured crosstalk (CT) and
insertion loss (IL) are respectively <−18 dB (<−20 dB) and ∼0.7 dB (∼0.8 dB) for TE (TM)
polarization over the measurement wavelength range of 1525 nm ≤λ ≤ 1625 nm. The measured
device parameter variations suggest some tolerance to fabrication variations. Such a device is a
good candidate for a photonics integrated chip (PIC) foundry-compatible, SiN PS.

© 2020 Optical Society of America under the terms of the OSA Open Access Publishing Agreement

1. Introduction

Silicon photonics offers high efficiency and low cost technological solutions for the large scale
monolithic integration of complex photonics functions onto a photonic integrated circuit (PIC)
[1–4]. Within silicon photonics, both silicon and silicon nitride (Si3N4 or SiN) are widely-used
photonic materials that can leverage existing CMOS foundry resources [5–7]. Silicon-on-insulator
(SOI) devices are most extensively used for high density integration of both passive and active
PICs. However, the tight fabrication tolerances, strong polarization dependence, high thermal
sensitivity, large waveguide dispersion, and nonlinear absorption of silicon wire waveguides
impose limits on their applicability. In contrast, SiN on silica (SiO2) has a wider transparency
range, lower thermo-optic coefficient, and greater fabrication tolerance than SOI waveguides,
making SiN a more suitable platform for some passive devices. Furthermore, SiN devices can be
easily co-integrated with SOI devices using low pressure chemical vapor deposition (LPCVD)
or plasma enhanced chemical vapor deposition (PECVD) [7]. These characteristics have been
used to make various linear and nonlinear photonic devices with low IL and broad bandwidth
(visible-near infrared-mid infrared) [8–12].

PICs in both materials are inherently sensitive to polarization due to the geometric birefringence
of photonic waveguides. The different propagation constants of transverse electric (TE) and
transverse magnetic (TM) modes causes polarization mode dispersion, polarization-dependent
loss, and polarization-dependent spectral response [13]. Consequently, polarization management
is of great importance in PICs. Various on-chip polarization management schemes have been
proposed [14–17]. A square waveguide core may be used for polarization-independent photonic
circuits [18], but this requires stringent fabrication tolerances, as fabrication errors of a couple of
nanometers or material strain in device geometry result in uncontrolled birefringence. Polarization
diversity is the most reliable polarization management approach, where input light with arbitrary
polarization is first split into two orthogonal components (TE and TM) and one polarization is
then rotated so that the two spatially separated, but co-polarized channels can be independently
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processed. The resulting outputs can optionally be recombined, using a similar rotator/splitter
in reverse. [19–21]. Such a scheme is realized using a polarization splitter-rotator (PSR) or a
polarization splitter (PS) followed by a polarization rotator (PR). Great efforts have been made
in realizing these devices in different material platforms, including SOI, SiN-on-SOI and SiN.
PSRs are designed either based on a mode coupling approach or a mode evolution approach.
Mode coupling requires critical phase matching, making it inherently fabrication-sensitive and
wavelength-dependent [22–25]. Mode-evolution-based PSRs utilize a hybrid-mode waveguide
approach and hence cannot be fabricated in a single-step process [26–29].

Independent PSs provide more flexibility to use both the polarizations for specific applications
[30]. Asymmetric directional couplers (DCs) [31], bent DCs [32,33], Mach-Zehnder interferom-
eters (MZIs) [34,35] and multimode interferometers (MMIs) [36] are the most commonly used
splitting elements. For maximum performance, DCs and DC-based MZI devices require precise
control over critical dimensions, especially the gap width and length of the DC. In contrast,
conventional MMI-based PSs have greater fabrication tolerance, but they exhibit significant
insertion loss (IL) and crosstalk (CT). D’Mello et al. [37] proposed an angled polarization
splitter in SOI with specially-designed input and output waveguides connected to an MMI region.
Another approach is an angled-MMI (AMMI) structure, which has been used widely to realize
compact and broadband wavelength division multiplexers and de-multiplexers [37–40]. Recently,
Liang et al. proposed a compact PS design in SOI based on an AMMI structure [41], which is
attractive because of the smaller footprint (∼ 30 µm×5 µm) and broad operational bandwidth of
53 nm with an extinction ratio (ER)>20 dB.

These demonstrations in silicon have been more challenging to implement in a small-footprint
SiN device, due to the lower refractive index and birefringence of SiN waveguides. In this work,
we use the concept of self-imaging in an AMMI, but with major design variations, to demonstrate
an ultra-broadband PS in a SiN integrated photonics platform. Our fabricated device shows a
bandwidth of >100 nm (over C+L band) with CT less than −18 dB and −20 dB for both TE
and TM polarizations. Moreover, the device has a small footprint ∼ 80 µm×13 µm, and we
demonstrate significant tolerance of fabrication variation. We also show that the device works
as a polarization combiner (PC) in the reverse direction. The IL of the splitter/combiner is
measured to be ∼ 0.7 dB for TE and ∼ 0.8 dB for TM polarizations. Although there have been
prior experimental demonstrations of integrated optical polarization splitters, using a variety of
materials and operating principles [34,35,37], the approach described here provides a unique
combination of small footprint, wide optical bandwidth, and simple fabrication. We discuss the
detailed device design principles in Section 2 and present experimental results in Section 3.

2. Design and simulation

A 3D schematic illustration of our proposed AMMI PS is shown in Fig. 1(a). We use the standard
nomenclature to describe the two orthogonal polarizations, "TE" refers to the quasi-TE mode
in which the horizontal field component Ey is dominant, while "TM" refers to the quasi-TM
mode in which the vertical (Ez) field component is dominant. The device splits the TE- and
TM-polarizations launched at the IN-port to output ports OUT1 and OUT2 respectively, as
indicated in the figure. A SEM image of the fabricated AMMI PS is also shown in the inset.
The top-view and cross-section of the device with design parameters are shown in Fig. 1(b).
The device is designed on a 450-nm thick (h) SiN (nSiN = 1.9973) on SiO2

(
nSiO2 = 1.455

)
waveguides with 2.5 µm SiO2 cladding (tBOX = 2.5 µm). The input waveguide connects to the
multimode waveguide on one side at angle θ1. Similarly, the TE-output waveguide connects to
the multimode waveguide on the same side at an angle θ2 and at a distance L1 from the input
port. The MMI waveguide is tapered to a single-mode TM output port over a length L2. W1 is
the width of input and output single-mode waveguides and W2 is the width of the multimode
waveguide.
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Fig. 1. Schematics of the proposed AMMI PS; (a) 3D view with a SEM image of the
fabricated device in inset, (b) top-view and cross-section with design parameters.

In a conventional MMI coupler, a large number of modes travelling with different propagation
constants interfere and form self-images of the input field distribution at every 3Lπ . The beat
length Lπ is defined as [42]:

Lπ =
π

β0 − β1
≈

4neff,0W2
2

3λ
, (1)

where β0 = 2πneff,0/λ and β1 = 2πneff,1/λ are the propagation constants of the fundamental
(m = 0) and first order (m = 1) modes respectively, and neff,0 is the effective index of fundamental
mode. For a multimode waveguide with∆nTEeff , ∆nTMeff (where∆neff = neff,0−neff,1) the self-image
patterns of TE and TM polarizations (at any operating λ) are different. This means that the
MMI (polarization splitting) length is different for both polarizations. Thus, in a conventional
MMI-based PS, effectively positioning the output ports at same MMI length is challenging. To
minimize the CT between the output ports, various design approaches have been reported in
[36,37]. As an alternative, angled multimode structures offer superior device performance (IL,
CT, etc) and relaxed fabrication requirements when compared to conventional (straight) MMIs
[30,39]. We base our design for a SiN PS on this concept.

We performed a series of 3D finite difference time domain (FDTD) simulations to optimize the
device parameters for maximum performance in-terms of CT, IL and bandwidth. First, we selected
the widths of the single-mode waveguides (W1) and the MMI waveguide (W2). We calculated the
number of guided modes and their neff as a function of waveguide width W, as shown in Fig. 2(a).
These simulations were carried out using the finite-difference eigenmode method at λ = 1550 nm
and h = 450 nm. The width of the multimode waveguide is chosen to support only the two lowest
order modes for both the polarizations, as indicated by the shaded region 1 µm<W_2<1.75
µm in Fig. 2(a). Wider multimode waveguides (beyond 1.75 µm) introduce phase error due to
the excitation of higher order modes, which leads to dispersive self-imaging [43,44]. In order
to achieve a high mode index contrast (neff,0 − neff,1) and correspondingly short device length
(L1 ∝ LTE

π ∝ W2
2 ), we choose W2 ∼ 1.25 µm. The width of the single mode waveguide is fixed at

W1 = 900 nm. A wider input waveguide reduces the IL at the input-MMI interface [45,46].
Next, we model the distance between the input and TE output waveguides (L1) as a function of

the input waveguide angle (θ1). Keeping W1 = 900 nm and W2 = 1.25 µm, we simulated a long
AMMI without output ports using 3D FDTD for different values of θ1. As an example, Fig. 2(b)
illustrates the simulated interference pattern of an AMMI (θ1 = 5 ◦) for input TE (top) and TM
(bottom) polarizations, at λ = 1550 nm. A series of peaks and nulls are observed along the edges
of the MMI in both the cases. Due to the different propagation constants of the TE and TM
polarization, the peaks (nulls) for TE and nulls (peak) for TM coincide at some points, marked as
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Fig. 2. (a) Effective indices (neff) of supported modes as a function of waveguide width (W)
calculated at λ = 1550 nm and for fixed h = 450 nm. (b) The interference patterns of a long
AMMI (W1 = 900 nm, W2 = 1.25 µm, θ1 = 5 deg) without output ports simulated in 3D
FDTD at λ = 1550 nm, for TE (top) and TM (bottom) inputs. x1, x2, and x3 represent the
locations where a peak (null) of propagating TE mode and a null (peak) of the propagating
TM mode coincides.

x1, x2, x3. In order to minimize the device footprint, we select the closest point x1 as the location
of TE-output waveguide.
Figure 3(a) shows the distance between the input and TE output waveguides L1 as a function

of θ1 for W2 = 1.25 µm and W2 = 1.5 µm. The position of x1 (and L1) is dependent on the input
waveguide angle θ1. At one extreme, as θ1 → 0, the AMMI works like a conventional MMI,
with the images moving away from the sidewalls. The contrast and clarity of the patterns along
the edges of the AMMI improve as θ1 increases. Simultaneously, the length L1 increases with θ1
and W2. For the rest of the calculations we fixed W2 = 1.25 µm which corresponds to L1 ∼ 20
µm for the given range of θ1 (3 ◦<θ1<9 ◦).

To optimize the θ1 and θ2, we simulate the AMMI structure with the TE-output connected at
L1 (a function of θ1) as in Fig. 3(a). We then set θ1 = θ2 and simulate the transmission at OUT1
(PTE

1 ) while exciting the input with a TE-polarized source.
As shown in Fig. 3(b), the TE-transmission to OUT1 (P1/Pin) is maximum when 5 ◦ ≤ θ1,2 ≤

7 ◦. For θ2<5 ◦, the transmission decreases as the power couples back to the MMI waveguide, as
indicated by the increase in PTE

2 . Also, for θ2>7 ◦, the loss becomes significant due to radiation
leakages (radiation loss, RL) at the input/MMI and MMI/output interface. To balance the needs
for smaller footprint (shorter L1) and low CT, we set θ1 = 5 ◦ (smaller L1) and θ2 = 7 ◦.
Finally, we repeated these simulations for a TM-polarized input after connecting a taper

of length L2 between the MMI (W2 = 1.25 µm) and OUT2 (W1 = 900 nm). The optimum
taper-length for maximum output power P2 is ∼ 35 µm. The transmission (P2/Pin) and radiation
loss ((P1 + P2)/Pin) for a TM-input is also shown in Fig. 3(b). The 3D-FDTD simulations of our
AMMI PS with optimized design parameters (W1 = 900 nm, W2 = 1.25 µm, θ1 = 5 ◦, L1 = 20.85
µm, θ2 = 7 ◦ and L2 = 35 µm) for TE-input and TM-input at λ ∼ 1550 nm are shown in Fig. 4(a)
and 4(b) respectively.We further investigated the spectral response of the optimized AMMI PS.
In the previous discussion, the length L1 (= 20.85 µm) is optimized at λ = 1550 nm. However,
L1(∝ Lπ) must change with respect to λ. Since the higher order modes in the MMI waveguide
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Fig. 3. (a) The distance L1 in Fig. 1(b) (location of x1 in Fig. 2(b)) simulated as a function
of θ1 for W2 = 1.25 µm and W2 = 1.5 µm. (b) The transmission (P1,2/Pin) and radiation
loss ((P1 + P2)/Pin) at the output ports for various tilt angles, θ1 = θ2 calculated using
FDTD simulation of the complete device (W1 = 900 nm, W2 = 1.25 µm, λ = 1550 nm).
The angle for maximum TE-output (P1) is first optimized without considering the taper
between the MMI and TM-output port.

are suppressed by choosing W2 = 1.25 µm, L1 can be approximately expressed as,

L1(λ) ≈
LTE
π (λ) × LTM

π (λ)

|LTE
π (λ) − LTM

π (λ)|
, (2)

where Lπ(λ) = λ/∆neff(λ), from Eq. (1). Thus, we designed the MMI for nearly wavelength
independent operation such that dL1(λ)/dλ ∼ 0 in the 1525 nm≤ λ ≤ 1625 nm. Figure 5(a)
shows the calculated Lπs and L1 over the C+L band for both TE and TM polarizations. Both LTE

π

and LTM
π have some wavelength dependence, however, the corresponding L1 is nearly wavelength

independent over the C+L band. The change in L1 (∆L1) is +200 nm to −700 nm within the
1525 nm to 1625 nm wavelength window (∆L1 = 0 at λ = 1550 nm). Note that the value of
L1 (20.31 µm) calculated using Eq. (2) is nearly equal to that from FDTD simulation (20.85
µm). The inset of the figure shows the calculations in 1400 nm to 1800 nm wavelength span.
Significant wavelength dependence is observed at higher wavelengths since the slope of LTM

π and
LTE
π increases for λ>1750 nm. Also, we expect wavelength dependence for λ<1480 nm since

the MMI waveguide supports additional modes (>2) in this regime. The simulated wavelength
dependent transmission characteristics of the optimized device in the C+L band are shown in
Fig. 5(b). The CT between the outputs is calculated to be < − 17 dB and < − 18 dB for TE and
TM polarizations, respectively. The inset shows a coarse simulation of the spectral response in
1400 nm≤ λ ≤ 1800 nm. As expected, the CT increases (exceeding -15 dB) for λ . 1490 nm
and for λ & 1700 nm.

Tolerance to fabrication variations is an important aspect of this structure, and the most likely
fabrication errors are in the waveguide widths W1 and W2. Small changes in either of these
widths most directly affect the polarization beat length, and thus the ideal value of L1. Thus, we
can use a change in L1 (∆L1) as a single-variable proxy for variations in W1 and W2. Figure 6(a)
shows that the CT for both polarizations (CTTE = PTM

1 /P
TM
in , CTTM = PTE

2 /P
TE
in ) is not expected

to exceed −15 dB for |∆L1 |<500 nm. In Fig. 6(b), we map this L1 variation to corresponding
window of waveguide width (W) variations. For example, |∆W | . 45 nm, the ideal L1 would
change by <500 nm, and the CT would remain below -15 dB.
The proposed AMMI PS also works as a polarization combiner (PC) in the reverse direction.

Figure 7(a) shows the simulation results with TE-input at OUT1 port (top) and TM-input at
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Fig. 4. 3D FDTD simulation of AMMI PS for (a) TE-input and (b) TM-input at λ = 1550
nm. The optimized device parameters are W1 = 900 nm, W2 = 1.25 µm, θ1 = 5 deg, θ2 = 7
deg, L1 = 20.85 µm and L2 = 35 µm.

Fig. 5. (a) Wavelength dependent LTEπ , LTMπ and ∆L1 (using Eq. (2)) calculated over C+L
band, for W2 = 1.25 µm. (b) Normalized transmission at the TE- and TM- output ports for
both polarizations.

Fig. 6. Tolerance to the parameter variations for the device in Fig. 4; (a) CT versus ∆L1
calculated at TE-output port (CTTE = PTM

1 /P
TM
in ) and TM-output port (CTTM = PTE

2 /P
TE
in );

(b) ∆L1 (L1 = 20.85 µm) with respect to ∆W = ∆W1 = ∆W2 (at ∆W = 0, W1 = 900 nm
and W2 = 1.25 µm).
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OUT2 port (bottom). This means that when both OUT1 and OUT2 are excited with TE and
TM sources, respectively, they will be combined at port IN. Interestingly, for a TE-polarized
excitation at OUT2 and TM-polarized excitation at OUT1, the inputs will not be combined at port
IN, but rather at the MMI input-end, where the waveguide is terminated, as shown in Fig. 7(b).
Figure 8(a) shows the FDTD simulation of the electric field profile of a cascaded PS and PC for
TE and TM inputs. The absence of spectral interference fringes in Fig. 8(b) indicates negligible
interference between the two arms.

Fig. 7. 3D FDTD simulation of AMMI PS as PC. (a) TE-input at OUT1 port (top) and
TM-input at OUT2 port (bottom). (b) TE-input at OUT2 port (top) and TM-input at OUT1
port (bottom).

Fig. 8. 3D FDTD simulation of a cascaded AMMI PS and PC for TE and TM inputs; (a)
electric field profile and (b) transmission at the output ports.

3. Experimental demonstration

We fabricate the designed AMMI in 450-nm thick LPCVD SiN on 2.5 µm thick thermal SiO2. An
ellipsometric measurement of the SiN film fits well to the wavelength-dependent refractive index
values for stoichiometric amorphous silicon nitride from [47], in which nSiN(λ ∼ 1550 nm) =



Research Article Vol. 28, No. 23 / 9 November 2020 / Optics Express 34118

1.9973. We define the pattern using electron-beam lithography (EBL) and inductively-coupled
plasma reactive ion etching (ICPRIE). Finally, we deposit 2.5 µm PECVD SiO2 top cladding.
Figure 9(a) shows optical microscope images of a fabricated polarization splitter and combiner
along with a reference waveguide. A SEM image of the polarization splitter/combiner is shown in

Fig. 9. (a) Optical microscope image of the fabricated AMMI polarization splitter/combiner
along with a reference waveguide. (b) SEM image of the AMMI PS prior to the deposition
of SiO2 top cladding.

Fig. 10. Optical characterization setup; TLS - tunable laser source, OSA - optical spectrum
analyser.

Fig. 11. Transmission characteristics at the output ports of an AMMI PS; (a) measured
using a high resolution (0.8 pm) OSA and internal TLS (Pin = 125 µW, 1525 nm≤ λ ≤1625
nm (inset shows the un-averaged and smoothed data near λ = 1550 nm), (b) measured at
Pin ∼ 100 mW using an EDFA amplified TLS and an optical power meter.
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9(b). For better fiber-to-chip coupling efficiency, the input and output waveguides are terminated
with inverse tapers (450 nm×450 nm) of length 400 µm, and the end-facets of the chip are
polished. The total length of the chip (reference waveguide) is ∼ 4 mm.

We characterized the devices by aligning lensed fibers to the inverse-taper edge couplers at the
input and output facets. A schematic of the optical characterization setup is shown in Fig. 10.
The tunable laser source (TLS) is internal to the optical spectrum analyzer and has a maximum
output power of −4.5 dBm over 1525 nm≤ λ ≤1625 nm. Before inserting the chip into the setup,
we align the polarimeter to the input lensed fiber and align the polarization to one of the axes
(TE or TM) by adjusting the fiber polarization controller PC1. The reference polarization is
then set to the same polarization using PC2. Thus, the polarization at the input of device can be
aligned to any state (TE or TM) by adjusting PC1 and monitoring the reference polarization.The
fiber-to-chip coupling loss of the fabricated devices is estimated to be ∼ 4.5 dB (5.3 dB) per
facet for TE (TM) polarization, and we define Pin to be the power in the waveguide, taking into
account this facet loss.

The measured transmission (normalized w.r.t. the reference waveguide) at output ports P1 and
P2 for both TE and TM inputs is shown in Fig. 11(a). For ease of viewing, we processed this data
using a moving average method (0.26 nm) in order to smooth out the small (<1 dB) fringes due to
reflections off the chip edge facets. The raw data is also included in a lighter color. Note that the
TE and TM outputs are nearly wavelength-independent with IL <1 dB for both the polarizations.
The CT is . −18 dB for TE and . −19 dB for TM over the entire wavelength range (1525
nm to 1625 nm) which is consistent with what was expected from numerical simulations. In
order to determine the effect of high optical powers on the splitter performance, we tested the
performance with an amplified Pin ∼ 100 mW (a different TLS amplified by an EDFA). The
output power (P1, P2) is measured using an optical power meter at discrete wavelength points, as
shown in Fig. 11(b). Note that, the device performance is nearly wavelength independent with
CT . −16 dB and IL <1 dB for TE and TM polarizations.
The fabrication tolerance of the device is estimated experimentally in terms of ∆L1, which

we use as a proxy for variations in W1 and W2. Though the length L1 can be very accurately
controlled, any lithographic variation in device parameters W1 and W2 will result in a change in
the optimal L1 (see Fig. 6(b)). We fabricated a set of five devices (PS#1 − 5) each with an offset
∆L = 0.5 µm (L1 ± ∆L1) from the design L1 = 20.85 µm. The CT and IL of these devices are
measured at λ = 1550 nm as shown in Fig. 12(b). Error bars represent the fluctuations across the
wavelength range. As expected from our calculations in Fig. 6, this data suggests some fabrication
tolerance in the design; even for an offset of 500 nm, corresponding to ∆W = ∆W1 = ∆W2 = ±45
nm, CT remains below −10 dB and IL does not significantly change.

We further fabricated a set of cascaded PSs and PCs fabricated on the same sample as shown in
the inset in Fig. 13(a). Figure 13(a) shows the transmission at the output of a single cascaded PS
and PC (as marked in inset), forming a MZI configuration (the path difference between TE and
TM is ∼ 16 µm, corresponding to a free spectral range of ∼ 73 nm). Since the CT between the
TE and TM output ports is negligible (−15 dB) for all wavelengths, the PS output is combined at
the output without measurable interference (see Fig. 8). The total IL of this cascaded device is
approximately twice that of the PS alone. We further measured the transmission and IL of all
other cascaded combinations of PSs and PCs. The wavelength dependent IL (ILTE and ILTM) of
a single device (PS or PC) is then estimated by linearly fitting IL with respect to the number of
PSs/PCs as shown in Fig. 8, where we assumed identical insertion loss for PSs and PCs . The
inset shows the linear fit of ILTE and ILTM versus number of devices measured at λ = 1550 nm.
The excess loss at the input/MMI and MMI/output slightly increases with wavelength, which
is expected when the self-images move away from the optimized location L1. The error bars
represent the uncertainty of the slope of the linear fit. This measurement shows that ILTE ranges
between 0.6 dB and 0.85 dB and ILTM ranges between 0.74 dB and 0.92 dB across the C+L band.
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Fig. 12. (a) Microscope image of a set of five devices (PS#1 − 5) each with an offset
∆L1 = 0.5 µm (L1 ± ∆L1) from the design L1 = 20.85 µm; (b) IL and CT measured at
λ = 1550 nm for the devices in (a). The error bars represent the fluctuations across the C+L
band.

Fig. 13. (a) Transmission (Pout/Pin) characteristics of a single cascaded PS-PC (inset:
optical microscope image of a set of cascaded PSs and PCs). (b) Wavelength dependent
IL (ILTE and ILTM) of a single PS or PC (assuming identical IL for splitter and combiner)
estimated by linearly fitting the IL w.r.t number of PSs/PCs (eg. at λ = 1550 nm in inset).
The error bars represent the uncertainty of the slope of the linear fit.

4. Conclusions

In this work, we reported an AMMI polarization splitter/polarization combiner in a 450-nm thick
LPCVD SiN-on-oxide platform. The device design is relatively simple, straightforward and
adaptable as compared to that of conventional DC, MMI and MZI based approaches. Moreover,
the device fabrication requires a single-layer process. Although we fabricated the device using
EBL, feature sizes are generally compatible with deep-UV lithography; the minimum gap between
Y-junction waveguides may not resolve as well, but the maximum ∆L1 would be less than 0.5
µm. This would have little effect on device performance, as shown in the tolerance measurement
Fig. 12(b). The device footprint is 80 µm×13 µm which is the smallest PS demonstrated in SiN
platform to the best of our knowledge. The measured PS has nearly uniform cross-talk of < − 18
dB (< − 20 dB) and insertion-loss of ∼ 0.7 dB (∼ 1.0 dB) for TE (TM) polarization over the
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measured wavelength range of 1525 nm≤ λ ≤1625 nm and beyond and the performance does not
change significantly at high input powers. We also demonstrated that the device works as a PC
when configured in reverse direction. The measurement results show a good agreement with the
simulation results. This design approach is flexible for other device layer heights and compatible
with other integrated photonics platforms. Altogether, our AMMI is a good candidate for a PIC
foundry-compatible SiN PS and combiner, a critical component for polarization-diversity PICs.
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