
Research Article Vol. 30, No. 3 / 31 Jan 2022 / Optics Express 4327

Comprehensive grating enabled silicon nitride
fiber-chip couplers in the SNIR wavelength band

SIDDHARTH NAMBIAR,1,2 AVIJIT CHATTERJEE,1,2 AND SHANKAR
KUMAR SELVARAJA1,*

1Center for Nanoscience and Engineering, Indian Institute of Science, Bengaluru 560012, India
2These authors contributed equally
*shankarks@iisc.ac.in

Abstract: We present silicon nitride grating enabled fiber-chip coupling in the sub-near-infrared
band. We present a comprehensive design and simulation and experimental demonstration
of uniform and apodized grating couplers, with and without bottom reflectors. The mode
engineering yields a best efficiency of -1.6 dB for apodized grating design, which is further
improved to -0.66 dB with a bottom reflector. Experimentally, we demonstrate a coupling
efficiency of -2.2 dB for the optimized design. Furthermore, we present a detailed simulation and
measurement comparison of various grating parameters and the effect of fabrication tolerances
on the grating performance.

© 2022 Optica Publishing Group under the terms of the Optica Open Access Publishing Agreement

1. Introduction

The sub-near-infrared (SNIR) spectrum between 850-950 nm is an interesting window for
numerous photonic applications such as lab-on-a-chip biosensing, LiDAR and short-reach data
communications. Recent interest in wavelength multiplexing in short-reach data communication
in data centers for rack-to-rack and within building communication, has created renewed interest
in potential integration of bulk components operating in the 850 nm wavelength range [1–3]. The
current architecture for short-reach datacom is not a scalable approach, which is a prerequisite
to meet future demand for higher aggregate data-rate. To achieve a scalable and cost-effective
short-reach datacom, all the functional components need to be integrated on a single platform.
The SNIR wavelength range is also used in biomedical diagnostics and sensing applications for its
high transparency in bio-fluids and tissues [4,5]. The sensing is achieved by observing refractive
index change, absorption or Raman spectroscopy through wavelength dispersive elements such
as arrayed waveguide gratings (AWG), echelle gratings or nanoantennas [6–10]. In addition, the
SNIR range is also explored for LiDAR application, particulary, for time-of-flight light detection
and ranging (ToF-LiDAR) systems, that has potential for autonomous navigation [11–14]. Apart
from these, the 850 nm window platform has emerged to realize neuromorphic computing and
vehicle to vehicle communication [15–17].

All these applications require an on-chip integrated photonic platform for a scalable, low-cost,
and high-yield systems. Over the years, silicon nitride (SiN) has emerged as a material platform
suitable for photonic integrated circuits (PICs), operating in the SNIR wavelength band [18].
In addition, to transparency in the SNIR region, ability to integrate silicon photodetectors
makes it even more desirable [19,20]. The moderate index contrast between SiN waveguide and
SiO2 cladding ensures lower sidewall scattering losses compared to Silicon-on-insulator (SOI).
Furthermore, SiN can be deposited with plasma-enhanced chemical vapour deposition (PECVD)
and low-pressure chemical vapour deposition (LPCVD) processes with a wide range of material
properties. The latter is generally preferred for its stoichiometry and low propagation losses.
However, the process requires high deposition temperatures (>700o C). PECVD, on the other
hand is a low temperature deposition process (<400o C) and is ideally suited for applications
requiring a lower thermal budget [21,22].
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While the are compelling reasons for choosing SiN, coupling light between an optical fiber
and the circuit is still a challenge. Fiber-chip couplers is one of the crucial components in a
photonic integrated circuit. Ability to in and out couple with low insertion-loss is necessary for
loss critical applications. Light coupling from an optical fiber to a chip is typically achieved
either through in-plane spot-size converters or out of plane surface gratings. Spot-size converters
(or commonly referred to as edge couplers) require strenuous processing steps like dicing and
polishing of end-facets and are less tolerant to misalignment. A 2D illumination and collection
can be easily realized using a grating coupler for applications such as LIDAR and imaging.
Furthermore, surface gratings are compatible with planar fabrication, have a small footprint and
exhibit a higher alignment tolerance, making them suitable for rapid prototyping. Surface grating
fiber-chip couplers offer a versatile solution to light-chip coupling. Despite the vast application
footprint of SiN PICs at wavelengths below NIR, only a few demonstrations of fiber-chip grating
couplers have emerged. Best reported efficiency in the visible band has been -2.29 dB for gratings
incorporating a metallic mirror, while the figure is - 5.7 dB in the SNIR band for gratings with no
mirror. Table 1 provides a summary of various fiber-chip grating couplers reported in the visible
to SNIR spectrum.

Table 1. Performance comparison of different grating coupler designs demonstrated on
various SiN platforms in the visible to SNIR band between 600-1000 nm.

Coupler Ref. Max. CE δλ3dB λres Angle Top tSiN Etch Bottom

Type (dB) (nm) (nm) θ (deg) cladding (nm) type mirror

Uniform

[23] -6.8 30 644 10◦ SiO2 220 full N

[24] -5.7 26a 900 8◦ Air 220 partial N

[25] -2.29 - 660 -5◦ SiO2 100 full Y

This work -4.43 52 878 8◦ Air 250 partial N

This work -3.32 46 874 8◦ Air 250 partial Y

Apodized
This work -3.4 36 878 4◦ Air 250 partial N

This work -2.2 37 875 4◦ Air 250 partial Y

a1-dB bandwidth

In terms of design strategy, numerous approaches have been applied on SOI gratings, that
include using a bottom mirror or high-index overlays [26–29] to enhance directionality and
engineering the grating strength to attain greater fiber mode-matching. However, replicating a
similar feat in SiN platform has been a challenge, given its moderate index contrast (∼0.5). From
the perspective of device fabrication, implementing a bottom mirror stack in SOI is challenging as
it involves complex post processing such as flip-chip bonding or back-side metallization [30,31].
However, substrate modification in SiN platform is relatively simpler, since the stack can be built
by sequential material deposition. In our previous works, we have demonstrated the effectiveness
of substrate Bragg reflectors, as well as an apodization algorithm in improving the SiN grating
coupling performance in the C-L band [32]. In this work, we extend the approach to present a
comprehensive grating design methodology for silicon nitride on insulator (SNOI) fiber-chip
coupling in the SNIR band. The paper is organized in the following manner. Section 2 describes
the simulation framework for a generic uniform grating, followed by the first principle design
of a non-uniform or apodized grating. Also discussed are the performance enhancement and
feasibility of using low-index dielectrics as a bottom reflector. Section 3 provides a detailed
description of the fabrication process of SiN gratings with Si substrate and a bottom reflector
stack. Section 4 discusses and analyses the experimentally measured insertion loss for uniform
and apodized grating designs with different substrate stacks.
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2. Grating design

2.1. Uniform grating

The simplest surface grating structure is a uniform grating, which is depicted in Fig. 1. The
design parameters, such as etch depth, grating period, fill-factor and bottom oxide thickness are
optimized using 2D finite difference time domain (FDTD) simulations. The SiN waveguide layer
is separated from the Si substrate with a buried oxide (BOX) layer. Initial parameters for the
uniform conventional grating are obtained from the first order Bragg phase matching condition,
where the uniform period is expressed as Λu =

λ
Ng

eff −ncsin(θ) , where Ng
eff is the effective grating

index, nc is the cladding index and θ is the angle of incidence. The Ng
eff is estimated from the

relation Ng
eff=FFNetch + (1−FF)NTE

eff . Here NTE
eff and Netch are the effective fundamental TE mode

indices of the slab and etched portions, respectively and FF is the fill-factor. The refractive
indices of SiO2, SiN and crystalline Si are taken as 1.44, 1.998 and 3.46, respectively.

Fig. 1. Schematics of a uniform SiN grating coupler (3d view and cross-section) for (a)
BOX with Si substrate and (b) BOX with Bragg reflector.

The SiN waveguide thickness was taken to be 250 nm which exhibits a single mode condition
with strong confinement in the SNIR wavelength region. The Neff of the of fundamental TE
mode for this thickness is calculated to be 1.74 at semi-infinite width. The grating parameters are
optimized to couple a transverse electric polarized (TE) Gaussian source of 5.4 µm mode field
diameter (MFD) into the waveguide. All grating parameters such as Λ, θ, FF, etch depth and
BOX thickness are varied, and the coupling efficiency is calculated through a power monitor
placed across the SiN waveguide.

Figures 2(a) and 2(b) show the coupling efficiency of the optimized design as a function of
different periods and incident angles, respectively. At 8◦ incident angle, a peak efficiency of 47.2
% is observed at a wavelength of 873 nm for a period of 600 nm. This corresponds to a coupling
loss of -3.2 dB with a 1-dB and 3-dB bandwidth of 38 and 50 nm, respectively. A marginally
higher coupling of 48 % and lower bandwidth is observed at 7 ◦ inclination. The optimal etch
depth and fill-factors are 150 nm and 50 % respectively.

For further improvement in the coupling, it is necessary to ascertain the various loss mechanisms
associated with the uniform grating. The incident optical mode on the grating encounters various
scattering in addition to coupling to the waveguide. The losses can be quantified as four different
channels in the following form,

Pmod = Pdiff + Psub + Prefl + Ptr (1)

Where Pmod is the power of the incident optical mode in the waveguide, Pdiff is the upper diffracted
power, Psub is the substrate leakage, Prefl is the proportion that is reflected back to the waveguide
and Ptr is the power transmitted through the grating.

The coupling efficiency PCE can be expressed as the product, ηPdiff , where η is the overlap
of the diffracted grating and the fiber mode field. The different loss channels are illustrated in
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Fig. 2. (a) Effect of grating period and (b) fiber angle on the coupling efficiency. A fiber
angle of 8◦ is used in (a) and a period of 600 nm is used in (b).

Fig. 3(a) and plotted in Fig. 3(b). The contribution of loss channels Ptr and Prefl is calculated
to be < 10%. However, it can be observed that a substantial portion of power (> 30%), is lost
as substrate leakage (Psub). Reducing Psub can lead to an improvement in directionality or Pdiff .
This can be achieved by implementing a bottom mirror. By using approprate BOX thickness to
ensure constructive interference between the back reflected and the upper diffracted light, the
Pdiff could be enhanced. The bottom mirror is realized by using a 2-layer distributed Bragg
reflector (DBR) consisting of SiN/SiO2 of thickness λ/4n (105/145 nm).

Figure 1(b) shows the schematic of a uniform grating with a bottom Bragg mirror. Figure 4(a)
shows the Pdiff and PCE for the modified stack with similar grating parameters. Here it can
be observed that Pdiff is enhanced to 73 %, which results in an improvement of 13 % over
the Si substrate. On the other hand, the coupling efficiency PCE is observed to enhance to 59
% corresponding to a loss of -2.2 dB/coupler. The 1-dB and 3-dB bandwidths in the DBR
configuration are calculated to be 33 nm and 56 nm, respectively. The thickness of BOX layers is
critical to achieve phase matching between the diffracted and reflected light from the substrate or
Bragg. The desired thickness is optimised to achieve maximum coupling efficiency. Figure 4(b)
shows the effect of BOX layer on the peak coupling efficiency. The coupling exhibits an oscillatory
behavior with a period of 300 nm that corresponds to λ/2nSiO2 . For a ± 50 nm deviation from
each optimal BOX thickness, the coupling is observed to reduce by 7 %. In the same measure,
for gratings with a DBR stack, a ± 50 nm deviation causes the peak coupling to decrease from
60 % to 47 %. From among the optimal values, a BOX separation of 2 µm is chosen to avoid
residual coupling to substrate modes.

2.2. Apodized grating

While a considerable improvement in grating coupling is noticed with the aid of a DBR stack, the
peak saturates around 60 %. Further enhancement requires improving the mode matching factor
η, which defines the overlap between the scattered grating field and the fundamental Gaussian
fiber mode. A uniform grating exhibits a diffracted power profile that is exponentially decaying
along the propagation direction. The power profile can be expressed as P(z) = P0e−2αz, where
α is the grating leakage parameter, z is propagation direction, and P0 is the diffracted power
at the first grating element. The overlap factor η, between an exponential and Gaussian field
distribution, is typically limited to between 80-85 %.

The overlap integral η can be increased by engineering the scattering along the grating. A
Gaussian-like scattering field is achieved by gradually increasing the leakage parameter α(z)
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Fig. 3. (a) Illustrates the different loss channels associated when a propagating mode is
diffracted by a uniform grating. (b) Shows the spectral properties of the different loss
channels as well as the coupling efficiency PCE

Fig. 4. (a) Depicts the spectral response of directionality and coupling efficiency for uniform
grating with a 2 layer DBR stack. (b) Depicts the peak coupling dependence on the BOX
layer thickness for gratings with and without a DBR.
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along the grating. The strength of scattering or leakage parameter α(z) can be expressed in the
following form [33] as,

α(z) =
G2(z)

2(1 −
∫ z
0 G2(t)dt)

(2)

G(z) is the Gaussian profile scattered by the grating. This can be accomplished either by fill-factor
apodization, incorporating sub-wavelength structures or by etch-depth profiling. Here we apply
fill-factor apodization using a generic chirp algorithm (CA), akin to the one described in [32].
The chirp algorithm is expressed in terms of a grating constructor as,

NΛa =

p=C,Ft∑︂
p=1,Fs

(FpΛa + (1 − Fp)Λa)

+

i=N∑︂
i=C+1

(Fu
Λa + (1 − Fu)Λa)

(3)

Where N is the total number of gratings and Λa is the apodized grating period. Fp is the chirped
fill factor of the pth trench, which is varied between Fs (0.5) and Ft (0.12), that are the starting
and terminal chirped fill factors respectively. C is the total number of chirped gratings and N-C
is the number of uniform gratings of fill-factor Fu(0.55).

An optimization sweep using the CA is applied to the uniform coupler design. The intrinsic
grating parameters such as etch depth and BOX thickness were kept unchanged. A representative
image of the apodized grating with and without bottom DBR is shown in Fig. 5. Figure 6 shows
the Pdiff and power coupling PCE spectrum for the CA optimized grating, with and without a
bottom DBR stack. Peak diffraction Pdiff of 87 % is achieved using a 2-layer DBR stack, which
is 14 % improved from an Si substrate. The improved diffraction results in a peak coupling
efficiency (PCE) of 83 % (-0.81 dB) with the 1-dB and 3-dB bandwidths being 18 nm and 31 nm,
respectively. Without a DBR mirror, we observe a peak PCE of 69 % (-1.6 dB) with a 1-dB and
3-dB bandwidth of 16 nm and 31 nm, respectively.

Fig. 5. Schematics of an apodized SiN grating coupler without a bottom Bragg stack in (a)
and with a stack in (b) (3d view and cross-section).

Figure 6(b) shows the coupling as a function of different periods for gratings with DBR stack.
Maximum coupling of 85.6 % is achieved for a period of 540 nm at the peak wavelength of 860
nm. The minimum and maximum trench width w for this period is calculated to be 65 nm and
300 nm, respectively. An optimal incident angle of 2◦ yields the maximum coupling efficiency
(Fig. 6(c)). Figure 6(d) shows the effect of BOX thickness on the coupling efficiency. We achieve
a maximum coupling efficiency at tSiO2 of 2.03 µm. The BOX layer thickness is a crucial design
parameter to control phase matching between the diffracted filed and substrate reflected filed. We
observe a ± 50 nm variation in the optimal thickness would result in 6 % and 5 % reduction in
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Fig. 6. (a) Depicts the Pdiff (solid-line) and PCE (dash-line) spectrum of the optimized
apodized grating, with and without a DBR stack. (b) Shows the dependence of coupling for
apodized grating of different periods at incident angle 2◦. (c) Shows variation of coupling
with different incident angles at period 550 nm. (d) Shows dependence of peak coupling on
BOX thickness for apodized gratings, with and without a DBR. (e) Shows the simulated
coupling spectrum comparison for uniform and apodized gratings with DBR, having a
overlaping peak. The uniform gratings are of period 600 nm at 7◦ angle and the apodized
grating is of 550 nm period at 2◦ angle. (f) Depicts a corresponding comparison of the
scattered grating fields for the uniform and apodized designs, when waveguide mode source
is launched from right to left (as illustrated in Fig. 3(a))
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the coupling efficiency of Si substrate and DBR substrate, respectively. Figure 6(e) provides a
comparison of the coupling spectrum of the best apodized and uniform gratings with a DBR
stack. The apodized design improves the coupling efficiency by 20 % compared to a uniform
grating. The improvement is attributed to an improved overlap between fiber mode and the
scattered grating field as depicted in Fig. 6(f).

2.3. Impact of DBR layers

The above results shows that regardless of design type, the DBR stack fulfills an important
role in enhancing grating directionality, by reducing substrate leakage. It is interesting to note
that SiN/SiO2 is a weaker reflector compared to a Si/SiO2 stack that has been implemented in
prior works for high-efficiency couplers at longer wavelengths. Figure 7 depicts the effect of
the number of DBR pairs on the coupling efficiency. For a single pair DBR, the peak coupling
improves by ≈ 8-9 % over a Si substrate for both uniform and apodized gratings. In the case of
two stacks, a further improvement of 3 % is estimated for uniform gratings and 5 % for apodized
gratings. Beyond a pair of 4 stacks, the coupling performance saturates for either design.

Fig. 7. Effect of SiN/SiO2 DBR bottom reflector on the coupling efficiency of (a) uniform
and (b) apodized grating. Inset in either plot shows the grating coupling spectrum for 2 and
4 DBR layers and a Cu mirror.

In addition to the DBR stack, we also explore the effect of a metal bottom mirror. With a single
200 nm thick copper mirror, we observe a coupling efficiency of 68.5 % and 91.6 % for uniform
and apodized grating, respectively. The metal mirror has higher reflectivity than a simple 2 or
3 stack DBR. The use of metal has some limitations, such as cross-contamination and thermal
budget. If these limitations are acceptable, a simple single layer metal mirror will serve as a
better alternative to a higher number of multi-layer Bragg stacks.

3. Fabrication

The fabrication process overview is depicted in Fig. 8. A clean silicon wafer is prepared for
double layer deposition of Bragg stack of SiN and SiO2. Plasma-enhanced chemical vapour
deposition (PECVD) is used to deposit 105 nm and 145 nm of SiN and SiO2, respectively. A
2 µm thick PECVD SiO2 is deposited as the buried oxide layer. In parallel, a silicon wafer
is deposited with only 2 µm thick buried oxide, without a bottom Bragg reflector. A 250 nm
thick SiN waveguide layer is deposited using a low-pressure chemical vapour deposition process
(LPCVD) on both of the above substrates.

Figure 9 shows the cross-section scanning electron microscope image of the two sample
stacks, with and without a bottom Bragg reflector. After depositing the layers, uniform and
apodized grating couplers along with waveguides are patterned using electron-beam lithography
and reactive ion etching. The waveguides and grating couplers are patterned in a single step
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Fig. 8. Fabrication process flow of the high-efficiency SiN grating coupler with bottom
Bragg reflector.

by partially etching 150 nm of SiN. For the apodized grating couplers, the lithography process
is optimized to achieve progressively varying grating trench. Although 65 nm is the optimal
minimum trench width, we obtained a minimum feature of 80 nm, which is about 15 nm wider
than the target. In simulations, however, we did not observe a significant deviation in the optical
response of the device. The e-beam patterning is done on a positive PMMA resist to reduce the
proximity effect. Figures 10 and 11 show the top view of the fabricated image of apodized and
uniform grating couplers, respectively. We measured an etch depth of 145 nm in grating trenches
using an atomic force microscope, which is about 5 nm lower than the 150 nm target depth. A
slight over etch would ensure that the etch depth in the narrow trenches (with a higher aspect
ratio) is deep enough to create the required index modulation. On both substrates, patch guides
were fabricated with a width of 9 µm and length of 700 µm. In addition to patch guides, single
mode waveguides were also fabricated for SiN layer with a DBR stack. These test structures
consisted of 400 µm long tapers on either side, connecting the grating patch to a 400 µm long
and 0.6 µm wide waveguide.

Fig. 9. Cross-section scanning electron microscope image of the SiN grating coupler
without bottom Bragg reflector (Silicon substrate) and with a Bragg reflector stack.
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Fig. 10. (a) Scanning electron microscope image of an apodized grating coupler. Inset (b)
on top right shows grating with minimum fill factor and bottom right (c) shows grating with
maximum fill factor.

Fig. 11. (a) Scanning electron microscope image of a uniform grating coupler and (b)
zoomed image of the gratings

4. Device characterization

The device characterization is performed using a single mode fiber coupled broadband super-
luminescent diode (Qphotonics, QSDM-880-2) with a peak wavelength around 880 nm and a
3-dB bandwidth of 25 nm. The source is connected through a polarization controller to the
input probing fiber mounted on a three-axis positioner and placed at a certain distance from the
device stage. The out-coupled fibers from device are connected to an optical spectrum analyzer
(OSA). To estimate fiber-chip coupling efficiency, the device response that is extracted from
the OSA, is normalized to response of source-polarizer and connecting fibers and the result is
divided by a factor of 2. Figures 12(a) and 12(b) show the summary of coupling efficiency of the
fabricated uniform patch waveguide gratings on a Si substrate. A peak coupling efficiency of
-4.43 dB with the 3-dB bandwidth being 52 nm is achieved at an optimal grating period of 590
nm. The inclination angle dependence of gratings is shown in Fig. 12(b) with the best coupling
angle observed at 8◦ and at a wavelength of 878 nm. Figures 12(c) and 12(d) show the effect
of period and angle on the spectral response of the apodized gratings with silicon substrate. A
peak coupling efficiency of -3.4 dB is achieved for a period of 550 nm, with the 3-dB bandwidth
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being 36 nm. The apodized grating design offers ≈ 1 dB improvement in the coupling efficiency.
Furthermore, we observe robustness towards angle variation.

Fig. 12. Summary of measurement of gratings on a Si substrate. Here (a) shows the
coupling spectrum for different periods of uniform gratings, (b) shows the angle dependence
of uniform grating at 590 nm period, (c) shows the coupling for different periods of apodized
gratings, and (d) shows the dependence of incident angle for apodized grating at 550 nm
period.

Figures 13(a) and 13(b) show the effect of period and inclination angle on the coupling efficiency
of uniform gratings with DBR stack. We achieved a peak coupling efficiency of -3.32 dB with
a 3-dB bandwidth of 46 nm at the optimal period and inclination angle. Similarly, Figs. 13(c)
and 13(d) show the coupling efficiency of corresponding apodized gratings. Combining mode
matching and directionality, we achieve a peak coupling efficiency of -2.2 dB with an optimal
period of 560 nm with a 3-dB bandwidth of 37 nm. In the case of single-mode waveguide test
structures, peak efficiency is measured to be -3.55 dB for uniform gratings at 600 nm period and
-2.52 dB for apodized gratings at 560 nm period.

4.1. Etch lag effect

A critical observation for experimental characterization of apodized gratings is the deviation
in optimal design parameters, particularly the period and fiber angle. The deviation from the
optimal design parameter is attributed to fabrication deviations that could cause a change in the
grating fill-factor and etch depth. While fill-factor deviation could be handled by lithography
process optimization, etch depth is challenging to address. While global etch depth variation
is process driven, local etch depth variation in the trenches of the grating due to aspect ratio is
a fundamental issue. The etch lag effect is pronounced in the narrow trenches of the apodized
design. To investigate this phenomenon further, the CA equation is modified to model an etch
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Fig. 13. Summary of measurement of gratings on a DBR stack. Here (a) shows the coupling
measurements for different periods of uniform gratings for patche guides and single mode
waveguides. (b) The angle variation at 590 nm uniform grating period on a patch guide.
(c) The period variation of coupling apodized gratings on patch guides and single mode
waveguides. (d) The angle dependence at 560 nm apodized grating period on a patch guide.

ramp down function in the following manner.

NΛa = Λa

p=Nv∑︂
p=1

(Fp + (1 − Fp)) + Λa

p=N∑︂
p=(N−Nv)

(Fp + (1 − Fp)) (4)

Here Nv is the number of trenches where the etch depth is varied from 50 nm at the narrowest
trench to 150 nm and N −Nv is the number of uniform etch trenches with an etch of 150 nm. The
above model is applied to an Nv of 10 out of a total N of 24. The results of the model is plotted
in Fig. 14. In comparison to the uniform etch profile, where a coupling peak (-0.6 to -0.8 dB)
is calculated for 540-550 nm period/2-3 ◦ inclination, the reduced ramp down model coupling
peak (-1.15 to -1.2 dB) is observed at 550-560 nm period/3-4 ◦, which is consistent with the
trend observed in the experiments. It maybe pointed out that though 2-4◦ may not be a standard
coupling angle for gratings, it is compatible with the emerging planar packaging process [34],
where a slight change in fiber polish angle can yield the desired inclination.
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Fig. 14. (a) The peak efficiency for different periods and incident angles, for uniform etch
profile as well as with a non-uniform ramp-down model mimicking the lag effect. (b) The
coupling spectrum for different periods at 2◦ inclination, modeled with uniform etch and 4◦
inclination modeled with a ramp-down etch.

5. Conclusion

In summary, we have demonstrated grating based fiber-chip couplers for SiN waveguide in
the 850-900 nm wavelength band. Several design paradigms are analysed in detail, including
conventional uniform, apodized gratings, and also the impact of bottom dielectric reflectors.
We experimentally demonstrate uniform gratings with a peak coupling loss of -4.43/coupler for
substrates with no reflector and -3.32 dB/coupler for substrated with a bottom Bragg reflector.
Applying a genetically optimized chirp algorithm, apodized gratings are also designed and
fabricated. The coupling loss of these gratings is measured to be -3.4 dB on a Si substrate and
-2.2 dB/coupler on a DBR substrate, with the 3-dB bandwidth being 37 nm. We also numerically
analysed the impact of the etch-lag effect for apodized gratings, on the device performance and
matched it with the measurement results. The proposed grating designs are ideal for implementing
a scalable on-chip, SiN photonic platform that leverages the SNIR wavelength spectrum for
various applications.
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