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 Abstract—In this paper, we present our process design kits 

(PDKs) component performances for different wavelengths in the 

visible to near-infrared (VIS-NIR) range on Shanghai Industrial 

μTechnology Research Institute’s (SITRI’s) 200 mm Silicon 

Nitride (SiN) photonics platform. SiN waveguide platform has 

emerged as a promising technology due to its low optical loss, 

relatively high refractive index, and transparency across the VIS-

NIR spectrum. The industrialization of SiN platforms requires 

matured PDKs. On SITRI’s 200 mm SiN photonics platform, we 

developed PDKs using both Plasma-Enhanced Chemical Vapor 

Deposition (PECVD) and Low-Pressure Chemical Vapor 

Deposition (LPCVD) processes, with SiN layers of 180 nm and 

150 nm thicknesses, respectively. The fabricated waveguides 

exhibit low propagation loss, ranging from 2.5 dB/cm to 0.34 

dB/cm from 532 nm to 860 nm. Additionally, we present a low 

bending loss which is less than 0.06 dB/90° with a radius of 100 

µm. Furthermore, the loss of the linear grating coupler is less 

than 2.6 dB at 785 nm. We have also achieved low-loss splitters, 

including 1×2 multimode interference (MMI) coupler, and 

directional coupler (DC), with a minimum excess loss of 0.03 dB. 

Additionally, micro ring resonators with high quality (Q) factors 

of 146,000 have been demonstrated. Our work on developing this 

PDK will open new opportunities for researchers and developers 

to design and fabricate advanced photonic devices on the SiN 

platform in SITRI’s 200 mm fabrication line. 

Index Terms—Photonic integration, silicon nitride, process design 

kits, visible to near-infrared. 
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I. INTRODUCTION 

VER recent decades, Photonic Integrated Circuits (PIC) 

have undergone rapid development, emerging as 

compelling solutions for the miniaturization and 

integration of optoelectronic applications. Initially driven by 

optical communication and interconnect [1], PICs have 

progressively extended to encompass areas like life sciences 

[2], LiDAR [3], spectroscopy [4], and quantum photonics [5]. 

PICs are built on a variety of material platforms, each 

offering unique advantages and challenges. A single platform 

cannot cover all possible applications [6]. For example, the 

Silicon-on-Insulator (SOI) platform [7] has emerged as a 

mature and commercially viable technology for PICs due to its 

high refractive index contrast and compatibility with existing 

complementary metal oxide semiconductor (CMOS) 

manufacturing processes. However, Si has a narrow bandgap 

of 1.1 eV [8]. It cannot be used for wavelengths shorter than 

1.1 μm. Consequently, the use of SOI in devices operating 

within the visible range is restricted. 

Inspired by the success of the SOI platform, there is 

growing interest in expanding photonic integration into the 

visible spectrum as most of the life sciences applications 

require visible light. Although several materials [9], [10] are 

transparent in this range, Silicon Nitride (SiN) has stood out as 

a prime candidate due to its low loss, potential CMOS 

compatibility, and relatively high refractive index (n~2) [11]. 

SiN PICs have found wide applications in fields such as super-

resolution microscopy [12], biosensing [13], spectroscopy 

[14], and Optical Coherence Tomography (OCT) [15]. 

Due to its wide bandgap of 5.1 eV, SiN extends its 

transparency window down to 400 nm, making it highly 

suitable for photonic integration across the visible to near-

infrared (VIS-NIR) spectrum [8], [16]. Besides, SiN’s 

moderately high refractive index (n~2) not only facilitates an 

efficient integration of photonic components but also helps 

reduce propagation losses associated with sidewall roughness 

compared to Si. Meanwhile, this moderate refractive index 

contrast implies that the SiN platform has large manufacturing 

tolerances and does not demand high-precision manufacturing 

facilities. Moreover, SiN has virtually zero two-photon 

absorption (TPA) in the communication band, minimizing 

additional waveguide losses at high power. This is a crucial 

advantage for high-power applications [17]. Low TPA enables 

using high power confinement and efficient nonlinear optical 

processes like Four Wave Mixing (FWM) [18], crucial for 

applications in optical signal processing and generation. 

O 
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Finally, SiN's potential compatibility with the CMOS process 

makes it flexible for multilayer SiN photonic integration [19] 

and heterogeneous integration with other platforms such as 

SOI [20]. 

SiN platform fabrication process involves common flows 

in a CMOS line where the waveguide layer can be deposited 

either by Low-Pressure Chemical Vapor Deposition (LPCVD) 

or Plasma Enhanced Chemical Vapor Deposition (PECVD). 

LPCVD provides high-performance and stoichiometric SiN 

thin films. It was demonstrated that the LPCVD SiN refractive 

index can be tuned by modifying the gas ratio [21], [22]. 

However, LPCVD requires high-temperature processing 

(>700°C). Additionally, LPCVD generates significant internal 

stress, making thick SiN preparation challenging for 

thicknesses of more than a few hundred nm [23], [24]. 

PECVD allows SiN deposition at lower temperatures 

(<400°C), making it compatible with processing after metal 

deposition in the back-end of the line (BEOL) and easing the 

integration capabilities [20]. The refractive index of PECVD-

deposited SiN can be adjusted by altering the deposition 

conditions, producing films that range from silicon-rich (high 

refractive index) to nitrogen-rich (low refractive index). 

However, there is significant light absorption at 1520 nm, a 

critical wavelength for telecommunication, due to the high 

amount of Si-H and N-H Bonding [25]. 

As a bridge between foundries and consumers, Process 

Design Kits (PDKs) play a pivotal role in PIC research and 

development (R&D). Customers can design their circuits 

rapidly based on the PDK and make customized components 

for particular requirements. Several foundries like LioniX Int, 

IMB-CNM, LIGENTEC, imec, CUMEC, and SITRI have 

presented available SiN-based photonic integration solutions 

along with their respective PDKs [7], [26], mainly in O-Band 

and C-Band. Additionally, there is a growing trend of 

institutions developing their own SiN PDKs, further 

expanding the resources available to designers and engineers 

in the field [27]. However, there are limited PDKs available 

for the visible range [28], [29], [30]. 

This paper details our efforts in developing PDKs at VIS-

NIR spectrum on the PECVD and LPCVD SiN platform, with 

thicknesses of 180 nm and 150 nm, respectively. The proposed 

PDKs are accessible through Shanghai Industrial μTechnology 

Research Institute (SITRI) 200 mm line. It comprises basic 

passive photonic components such as waveguides, bends, 

linear grating couplers (LGC), multimode interference (MMI) 

couplers, directional couplers (DC), and micro-ring resonators 

(MRR). First, we defined the fabrication processes and testing 

methodologies for SiN PIC chips. Then we conducted 

automated wafer-level measurements to assess the 

performance of these components and to gain insight into their 

wafer-level variations. Our results indicate that the 

fundamental photonic components within the PDK 

demonstrate low-loss and reliable performance, competitive to 

other SiN photonics platform providers. 

 
Fig. 1. The fabrication process of PIC chips. (a) The fabrication process of 

PECVD and LPCVD SiN photonic components; (b) The fabrication process 

of grating bottom metal layer. 

 

II. FABRICATION AND METHOD 

We have successfully developed a PDK for the VIS-NIR 

range utilizing the SiN platform (PECVD and LPCVD). The 

fabrication of the PIC chips was carried out at the SITRI 200  

mm line. The PECVD platform, with a SiN layer thickness of 

180 nm, was designed to operate effectively at optical 

wavelengths of 532 nm, 573 nm, 638 nm, and 673 nm. The 

LPCVD-based components were targeted for longer 

wavelengths, specifically 785 nm and 860 nm, with thickness 

of SiN 150 nm. Here we aimed to keep the sidewall scattering 

losses low by still using a relatively thin waveguide layer for 

longer wavelengths. Moreover, the refractive index of LPCVD 

SiN (~2.03) is higher than PECVD SiN refractive index 

(~1.88). Additionally, a 200 nm Al layer was placed 325 nm 

below the LPCVD SiN layer to reflect the transmitted light 

and diffract it to the waveguide by grating again, thus to 

enhance LGC efficiency. 

The fabrication process for the PECVD SiN platform is 

shown in Fig. 1(a). The bottom silicon dioxide layer was 

grown on the silicon substrate by thermal oxidation. Next, a 

SiN layer of 180 nm film thickness was deposited by PECVD. 

Photolithography and dry etching steps were performed to 

transfer the pattern of waveguides and components. The top 

oxide layer was subsequently deposited by PECVD. Finally, 

chemical mechanical polishing (CMP) was applied to thin the 

top layer thickness and smoothen the surface. The complete 

stack of PECVD platform is illustrated in Fig. 1(a). 

The fabrication process for the LPCVD platform was 

similar to PECVD, except that the SiN film was deposited by 

LPCVD with a film thickness of 150 nm. The next process 

steps include the deposition of Al metal film by physical vapor 

deposition (PVD) and patterning. The stack was subsequently 

capped with the top oxide layer and then planarized by CMP. 

Next, the wafer with SiN waveguide and Al reflector was 

flipped and bonded to a thermo-oxidated silicon wafer as 

shown in Fig. 1(b). Finally, a combination of CMP and silicon 

etching was performed to remove the sacrificial silicon 

substrate. 
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Fig. 2. The prototype of photonic component measurement. 

 

The chips were measured at Photonic View, which 

provides PIC measurement services from die to wafer level. 

Various and customized test routines were involved such as 

manual, semi-automated, and fully-automated tests. In this 

work, we performed measurements on a single 200 mm wafer 

from each PECVD and LPCVD platform fabrication lot. A 

generic illustration of photonic component measurement is 

displayed in Fig. 2. The PIC chip was fixed on a stage, and 

input and output optical fibers were attached on motorized 

stages. A control program was used to drive the motors, 

enabling quick alignment between fibers and LGCs for rapid 

automatic measurements. The light from the laser was coupled 

to the chip via an input fiber, and a fiber polarization 

controller to ensure TE polarization and maximize the 

coupling efficiency. The output fiber was connected to an 

optical power meter to measure the output optical power. A 

camera positioned above the chip was used to observe the 

fiber position compared to the photonic components. 

III. PASSIVE PHOTONIC COMPONENTS 

A. Waveguide 

Waveguides are crucial components in PICs. As shown in 

Fig. 3(a) and (b), the sidewalls of the fabricated waveguides 

were not exactly vertical, with angle of ~77 degrees, which 

was considered in our simulation (Fig. 3(c)). Here we used a 

finite-difference eigenmode (FDE) solver to analyze 

waveguide modes. In the case of a ridge waveguide, the high-

order modes emerge as the thickness and width of the 

waveguide increase to a certain value. To ensure the single 

mode in vertical (y) direction, we first chose the thickness to 

be 180 nm for the PECVD SiN platform and 150 nm for the 

LPCVD SiN platform. Then the waveguide width was 

analyzed to support only fundamental mode. Fig. 3(d) 

graphically represents how the effective refractive index of 

TE0 mode and TE1 mode varies with the waveguide width at 

different wavelengths. For instance, 390 nm waveguide width 

at 532 nm wavelength allows only the fundamental TE mode. 

Due to fabrication variations, we applied a margin of about 

10% to pick the waveguide width of each wavelength. The 

waveguides were fabricated according to the parameters in 

corresponding platforms as described in Table Ⅰ. Fig. 3(b) 

displays the SEM image of the waveguide fabricated in the 

 
Fig. 3. Simulation results of the waveguides. (a) The cross section of the 

ridge waveguide; (b) The SEM image of waveguide cross section; (c) The 

field amplitude profile of the waveguide; (d) Effective refractive index versus 

waveguide width at different wavelengths and platforms. 

 TABLE I 
THE WAVEGUIDE SIZES FOR DIFFERENT WAVELENGTHS 

Wavelength (nm) Platform Thickness (nm) Width (nm) 

532 PECVD 180 360 

573 PECVD 180 410 
638 PECVD 180 470 

673 PECVD 180 510 

785 LPCVD 150 560 
860 LPCVD 150 560 

 

LPCVD platform. The sizes match the designed values, with 

sidewall angles of ~77±2°. Fig. 3(c) illustrates its field profile, 

confirming that the light is effectively confined within the SiN 

waveguide. 

We conducted tests on the output power of spiral lines with 

varying lengths (as illustrated in Fig. 4(a)), and calculated the 

propagation loss of the waveguide using cutback method. The 

waveguide loss measurements for both platforms at different 

wavelengths were conducted for one whole wafer (45 reticles) 

and the results are depicted in Fig. 4(b). In the VIS-NIR range, 

the propagation loss decreases as the wavelength increases, 

which is linked to the decreasing mode overlap at the 

sidewalls and decreasing SiN absorption coefficient with 

increasing wavelengths. Low propagation loss (<1dB/cm) was 

achieved with wavelengths above 638 nm. Furthermore, the 

wafer-level measurements for the 860 nm waveguide loss are 

detailed in Fig. 4(c). These results show a remarkably low 

propagation loss of 0.34 ± 0.04 dB/cm, demonstrating not only 

low loss but also excellent uniformity across the wafer. 

Table Ⅱ summarizes the loss of reported SiN waveguide 

propagation losses in recent literature, from 405 nm to 850 

nm. In the literature, the SiN waveguide loss was reported 

as >6 dB/cm around 400 nm. As for over 600 nm, the reported 

losses vary between 0.26~3.6 dB/cm. In comparison, we 

report a waveguide loss with excellent performance (<1dB/cm 

between 638 nm and 860 nm). For over 800 nm, our loss was 

considerably smaller than other work[31]. Corato-Zanarella et 

al. [32] demonstrated the state-of-the-art in SiN waveguide 
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TABLE Ⅱ 

THE PROPAGATION LOSS FOR SIN WAVEGUIDES IN THE VIS~NIR SPECTRUM 

ref Wavelength (nm) Platform Polarization Thickness（nm） Width (nm) Confinement factor Loss (dB/cm) 

[28] 
466~550 
552~648 

PECVD 
TM 
TE 

135 
340 
520 

~0.446@466nm 
0.371 @648nm 

2.8~1.5 
1.9~1.1 

[31] 450~850 LPCVD TE 150 800 / 6.85~0.59 

[32] 461~785 LPCVD TE 275 4000 / 2.4~0.036 

[33] 405~640 PECVD 
TE 
TM 

150 380~520 / 
7.1~2.2 
6.7~1.8 

[34] 
458~634 

634 

LPCVD 

PECVD 
TE 100 

250~500 

500 
/ 

6.01~0.26 

1.15 

[35] 
532 

638 
PECVD / 

180 

220 

350 

340 

0.715 

0.651 

1.6 

0.87 

[36] 633 LPCVD TE 400 400 0.905 3.6 

[37] 660 LPCVD TE 320 1000 0.979 1.7 

This work 
532~673 
785~860 

PECVD 
LPCVD 

TE 
180 
150 

360~510 
560 

0.731~0.628 
0.540~0.469 

2.5~0.8 
0.55~0.34 

 
Fig. 4. Propagation loss of waveguides. (a) The structure for waveguide 

propagation loss characterization: spiral line; (b) Propagation loss of 

waveguides at different wavelengths; (c) Wafer-Level measurement 

waveguide loss at 860 nm. 

 

loss across the visible spectrum with an ultra-low loss 

waveguide of 0.036 dB/cm at 780 nm by increasing the 

waveguide width beyond the single-mode condition (expanded 

waveguide). Expanded waveguides are useful to decrease 

propagation losses caused by sidewall scattering at the cost of 

low packing density and the risk of coupling into higher-order 

modes due to fabrication imperfections. Our work focuses on 

single-mode waveguides with small cross-sections and high 

density. These results show that our work is comparable to the 

reported SiN losses across VIS- NIR spectrum. 

B. 90° bend 

90° waveguide bend is a common and important 

component for routing. The bend radius of waveguides is a 

crucial factor for achieving the high-density integration of 

photonic components. A smaller bend radius allows a more 

compact design, enabling the integration of a greater number 

of components within limited footprints[38]. 

The losses associated with 90° waveguide bends are 

categorized into three primary types: propagation loss, 

radiation loss, and mode mismatch loss. The radiation loss is 

much smaller than the other two and can be ignored for large 

 
Fig. 5. The loss of bend waveguide. (a) The structure for bend waveguides 

characterization; (b) Field profile of 90° waveguide bend at 860 nm with 

radius 20 μm; (c) The loss of 90° waveguide bend versus radius at 860 nm; (d) 

Measured results of bend waveguides at different wavelengths. 

 

radius (tens of um). Therefore, we focused on the propagation 

loss and mode mismatch loss for varying bend radius, as 

shown in Fig. 5(c). The propagation loss was calculated based 

on the test results presented in 3.1 and the mode mismatch loss 

was obtained from the FDE solver. Mode mismatch loss 

occurs due to the differences between the mode field profiles 

of bend and straight waveguides. When the bend radius is 

small, the difference between the field profiles of bend and 

straight waveguides is large, resulting in particularly 

significant mode mismatch loss. As the bend radius increases, 

the mode profile in the bend becomes more similar to that in a 

straight waveguide, reducing the mode mismatch loss. 

Consequently, when the radius is sufficiently large, the mode 

mismatch loss becomes negligible, and the propagation loss 

dominates the total loss. However, increasing the bend radius 

to reduce the mode mismatch and the radiation losses comes at 

the cost of increased footprint, which limits the density of 

photonic integration. Therefore, a trade-off between loss and 

compact integration is necessary to determine the optimal 

bend radius. 
 

C. Linear grating coupler 

Grating couplers are commonly used to efficiently couple 

light between waveguides and fibers. They diffract the input 

light from an optical fiber that is vertical to the chip surface 

into waveguides. This feature enables a flexible arrangement 

of optical input/output (I/O) ports anywhere on the chip, 

which promotes high levels of optical component integration. 

Additionally, grating couplers offer better alignment tolerance 
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Fig. 6. The structure of LGC. (a) The structure of LGC at 860 nm. (b) The 

SEM image of LGC with a metal layer. 

TABLE Ⅲ 

MEASUREMENT RESULTS OF LGC AT DIFFERENT WAVELENGTHS 

Wavelength 

(nm) 

Platform With a Metal 

Layer 

Loss (dB) Number of 

chips 

532 PECVD NO 9.6+-1 32 
638 PECVD NO 7.0+-0.27 45 

785 LPCVD YES 2.6+0.07 8 

860 LPCVD YES 3.2+-0.24 6  

 
Fig. 7. The Measurement results of 1x2 MMI. (a) Structure of cascaded 

MMI for measurement; (b) The structure of 1×2 MMI at 860 nm; (c) 1×2 

MMI excess loss at 860 nm. 

 

compared to edge coupling in general, enabling wafer-level 

testing of chips and facilitating both testing and packaging 

processes. Adding a metal reflector layer[39] or distributing 

Bragg reflectors[40] below a grating coupler can reflect the 

transmitted light and diffract it to the waveguide by grating 

again, thus to enhance efficiency. 

Fig. 6(a) illustrates the structure of LGC at 860 nm. The 

fiber tilt angle (θ) is 10° to ensure high coupling efficiency. 

The period (Λ) and etching width (we) of LGC were optimized  

to be 640 nm and 333 nm, respectively, with a duty cycle 

(DC) of 0.52 (DC=we/Λ). In order to improve the grating 

efficiency, a metal layer was added at the bottom of the 

grating with a gap of 325 nm. The distance was kept small to 

reduce the loss variation caused by the thickness deviation of 

the underlying silicon dioxide. The SEM image of LGC is 

shown in Fig. 6(b), indicating a sidewall angle same as the 

waveguide etch. 

Table Ⅲ shows the LGC losses and the number of 

measured reticles at various wavelengths. Specifically, the 

LGC loss at 532 nm was around 9.6 dB by fully-automated 

tests and about 6.4 dB by manual test, indicating that a better 

position for alignment can be found manually. For short 

wavelength, the coupling efficiency is sensitive to the fiber-to-

grating alignment which possibly caused a systematic error in 

the case of fully automated setup. For wavelength 638 nm, the 

loss was around 7 dB. The losses measured at 785 nm and 860 

nm were 2.6 dB and 3.2 dB, significantly lower than the other 

wavelengths thanks to the metal layer. It is also estimated by 

simulations that the losses at 532 nm and 638 nm can be 

improved to 2.1 dB by adding bottom metal. 

TABLE Ⅳ 
MMI PERFORMANCES AT DIFFERENT WAVELENGTHS 

MMI 

Wave-

length 
(nm) 

MMI 

length 
(um) 

MMI 

width 
(um) 

Excess loss 

(dB) 

Imbalance 

(dB) 

Number 

of chips 

1×2 532 38.07 5 0.13+-0.08 22.9+-5.3 45 

1×2 573 36.88 5 0.26+-0.07 20.9+-5.6 45 
1×2 638 32.37 5 0.08+-0.09 20.9+-3.8 42 

1×2 673 31.11 5 0.16+-0.04 17.8+-3.6 45 

1×2 785 27.50 5 0.08+-0.01 23.9+-5.4 4 
1×2 860 25.30 5 0.03+-0.01 28.2+-8.8 4 

 

D. Power splitter 

1) Multimode interference coupler 

1×2 MMI is a conventional 3 dB beam splitter, which 

works by the self-imaging effect. Within an MMI, a 

multimode waveguide allows multiple modes to propagate 

simultaneously. These modes interfere with each other, 

leading to the periodic generation of one or more images of 

the input mode field along the transmission direction. The 

splitting occurs at specific locations known as self-imaging 

points. By strategically positioning output waveguides at these 

points, the input beam can be evenly split into two or more 

output beams. It provides advantages compared to directional 

couplers such as large manufacturing tolerance and 

wavelength-insensitive splitting ratios. 

The structure of 1×2 MMI at 860 nm is depicted in Fig. 

7(b). We defined the MMI width as 5 μm to limit the footprint 

without compromising the performance. Based on the width, 

we optimized the MMI length, taper width, and offset to 25.3 

µm, 1.45 µm, and 1.3 µm for 860 nm, respectively. We 

cascaded multiple 1×2 MMI structures (Fig. 7(a)) and 

measured the output power at each level, then used the 

cutback method to obtain the excess loss and imbalance. The 

imbalance is defined as −10 log |
P1−P2

P0
|, where P0 is the input 

power, P1 and P2 are the two output powers. Fig. 7(c) 

illustrates the measurement results of 1×2 MMI at 860 nm. 

The minimum excess loss appears at 25.3 µm MMI length, 

which matched accurately with our simulation results. The 

minimum excess loss and imbalance were 0.03 dB and 28.2 

dB, respectively. Furthermore, we have designed and 

characterized the 1×2 MMI at wavelengths 532 nm, 573 nm, 

638 nm, 673 nm, and 785 nm. The measured results number of 

measured reticles are summarized in Table Ⅳ. Some of those 

wavelengths exhibited relatively higher loss due to a mismatch 

between the expected SiN refractive index and the fabricated 

one. 

2) Directional coupler 

The structure of DC at 860 nm is shown in Fig. 8(b). It 

consists of two single-mode waveguides placed near each 

other between the symmetric and anti-symmetric modes. The 

gap between the waveguides was set at 0.3 μm. Various 

coupling lengths were designed to achieve different splitting 

ratios (5.6 μm for 1:1 splitting ratio). The S-bend waveguides 

on the sides were used to connect the DC with other 

components. 

Similar to MMI, a cascaded structure (Fig. 8(a)) was used 

to measure the performance of DCs at 860 nm. The 
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measurement results are shown in Fig. 8(c). As the length of 

 
Fig. 8. The measurement results of DC at 860 nm. (a) Structure of 

cascaded DC for measurement; (b) The schematic of DC at 860 nm and field 

profile at 1:1 splitting; (c) DC splitting performance versus length at 860 nm; 

(d) DC excess loss versus length at 860 nm. 

 
Fig. 9. MRR transmission. (a) The straight-through MRR structure; (b) 

Transmission measurement results of MRR with different gaps; (c) Amplified 

image around 876 nm for MRR with a radius of 21 µm from Fig. 9(b). 

 

the coupling region increases, there is a corresponding 

increase in the amount of light that is transferred to the 

adjacent waveguide within the range we designed and tested. 

DCs with different coupling lengths can realize different 

splitting ratios. 3 dB splitting ratio was successfully realized 

when the DC length was around 5.5 μm, with an excess loss of 

<0.1dB (Fig. 8(d)). The coupling length is very close to the 

designed value of 5.64 um, indicating small fabrication 

deviations. 

E. Micro Ring resonator 

MRR consists of a straight waveguide coupled with a 

micro-ring situated nearby. This configuration leverages the 

phenomenon of evanescent field coupling between the straight 

waveguide and the ring. The wavelength that meets phase- 

matching conditions will oscillate within the ring. 

We demonstrated a straight-through MRR (Fig. 9(a)) with 

high quality (Q) factor around 860 nm wavelength. The width  

of the ring and bus waveguide is 600 nm to reduce the bending 

loss as well as ensure single mode condition. The radius was 

chosen as 21 µm for small footprint. MRRs with gaps ranging 

from 200 nm to 700 nm were fabricated and tested. Our 

results, illustrated in Fig. 9(b), indicate that the critical 

coupling occurs when the gap is about 400 nm. The FSR of 

the resonance is approximately 3 nm which matches the 

expected value. The fitting full width at half maximum 

(FWHM) is 0.006 nm and the calculated Q factor is 146000. 

The Q factor corresponds to the loss of ~2.1 dB/cm, which 

mainly comes from the bending loss and the propagation loss. 

For the 21 um-radius, the simulated bending loss is about 1.6 

dB/cm at 876 nm. If we use MRR with larger radius thus 

lower bending loss, the Q factor will further increase.  

V. CONCLUSION 

In this paper, we present our progress in PDK development 

for the SITRI 200mm SiN photonics line. The proposed PDKs 

feature a comprehensive library of passive components 

designed on two SiN platforms, with thicknesses of 180 nm 

for PECVD and 150 nm for LPCVD. Our measurements 

across the wavelength range from 532 nm to 860 nm indicate 

low propagation losses, ranging from 2.5 dB/cm to 0.34 

dB/cm. Additionally, we successfully demonstrated bend 

losses of <0.06 dB per 90o bend for a radius of 100 µm at 

various wavelengths. For the PECVD platform, the LGC 

losses were approximately 6.5 dB at 532 nm and 638 nm. This 

was significantly improved to 2.6 dB and 3.2 dB at 785 nm 

and 860 nm by incorporating a metal layer on the LPCVD 

platform. It is estimated by FDTD simulations that the LGCs 

at 532 nm and 638 nm can be improved to 2.1 dB in the same 

way. Moreover, we developed low excess loss beam splitters, 

achieving <0.1 dB loss via 1×2 MMI, alongside demonstrating 

a DC capable of achieving any desired splitting ratio with 

minimal loss. Also, an MRR with a high Q factor of 146000 at 

860 nm was demonstrated thanks to the low waveguide loss. 

Apart from what was mentioned in this article, we designed a 

set of 2×2 MMIs and a polarization-handling device that can 

rotate the input TM0 mode to TE1 mode and then convert the 

TE1 mode to TE0 by an asymmetrical directional coupler. The 

optimized polarization rotator-beam splitter (PRBS) shows a 

high TM0 to TE0 conversion efficiency of <0.75 dB in 120 

nm bandwidth and high fabrication tolerance, which will be 

fabricated and characterized in the future. 

The SITRI 200 mm line supports photonic integrations of 

multiple optical functionalities, including optical transceivers, 

optical computing, and optical sensing. They provide PDKs 

for their SOI platform, as well as multi-project wafer (MPW) 

services. Here, we presented our results on a PDK developed 

for the VIS-NIR range in SITRI’s 200 mm SiN photonics line. 

The proposed PDK presents high-performance and reliable 

passive components for the VIS-NIR range. We believe that 

our PDK is going to be useful for researchers and companies 

that would like to pursue development in SITRI’s 200 mm 

SiN photonics line for VIS-NIR wavelengths. 
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