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Among the materials for silicon based photonics, Silicon Nitride (SizN4) has received
considerable interest for non-linear photonics, due to its larger band gap with
negligible two photon absorption [1]. Each of the non-linear applications requires a
suitable dispersion [2,3]. Targeted at moderate or very low anomalous dispersion, high
confinement strip waveguides have been reported by several groups [4-10] at NIR and
above. Guiding nitride (in some Si rich) with heights 0.7-2.5um, waveguide widths of
0.7-4.0pm and loss of 0.04-1.37 dB/cm at A=1550nm (0.16-2.1dB/cm for A in 2600-
3700nm) have been reported. Strong anomalous dispersion can be well attained with
smaller film height waveguides (h=200-400nm), with waveguide widths 0.8-1.0um, and
loss of 1.30-2.10 dB/cm at 1550 nm [11,12]. In the design workflow, time consuming
simulations (preparation, computer time and results post-processing) of the waveguide
fundamental properties, hamper the (comparatively) faster first steps of a design
attempt. In this paper, we report on an interpolation strategy using Bernstein
polynomials, and provide coefficients for the effective index and non-linear parameter
for state of the art SizsN4 waveguides with film heights h=300nm [10] and h=800nm [2].
A strip waveguide structure was defined in a finite differences mode solver tool [13].
Despite each reported platform [4-12] employs different substrate and cladding SiO»
heights, in the simulations a fixed height of 4.0pm was used for both, since the growth
of different heights of SiO; is a matter of using the right fabrication recipe. The SiO, and
(LPCVD) Si3N4 wavelength dependent refractive indices from [5,14] were used for the
wavelength range of simulation (A¢=0.47pm-A1=3.7um). The waveguide width was
swept from wo=0.3um to wi=2.8um. Bernstein polynomials [12], egs. (1)(2), were
employed to fit the results from the simulations, since they proved to be well suited to
approximate versus width and wavelength, with a modest number of coefficients, Table
1, with normalized error average <10-¢ (with std of 10-4). Furthermore, with a unique
set of coefficients for the effective index, eqgs. (3)(4), it is possible to describe the
dispersion as well, eq. (5), through the polynomial derivatives [15]. The results for
linear propagation match those of [3] with h=1200nm, and our own OFDR
measurements for h=300nm (-0.8ps/km-m). The non-linear parameter was calculated
from the field components as in [6], whose results were matched as well. In the
interpolations, w and A dimensions were normalized, A=(A-Ao)/(A1-A0) and W=(w-
Wo)/(w1-wp) and AA=A1-Ao. The results in Fig. 1 and Table 1 are for TE,, despite these
waveguides support TM, as well, cf. [15], having flat dispersion at different
wavelengths, with different type (anomalous, normal), but from our simulations with
comparatively larger nonlinear parameter for TMy, albeit confinement (i.e. less loss due
to sidewall roughness) is higher for TE,. For the C-band and h=800nm, moderate
anomalous D for comb generation is found for w=1.65um, whereas low anomalous D
for supercontinuum generation is met for w=2.0pm. For non-linear pulse compression

with strong normal D, h=300nm and w=1.65um for C-band or A=2.0-2.4um.
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Fig. 1: Dispersion (SizN4 —, SiOz --) and non-linear parameter (nz=0.24 m2/W at 1.5um for all
wavelengths) vs. A [nm] (A>1500nm) for waveguide widths (color lines) [300,2800] nm

Ei; h =300 nm, TEq Ei;j h =800 nm, TEy
il /i~ 0 1 2 3 4 5 il /i 0 1 2 3 4 5
0 1.8776213 2.122918 1.8338975 | 2.1035948 | 1.9577628 | 1.9983654 0 1.9431049 | 2.1819427 | 1.9011389 | 2.1624505 | 2.0215404 | 2.0606737
1 15034236 | 2.0444746 1.5628135 1.9956184 | 1.7710133 | 1.8322354 1 17152609 | 2.1781848 | 1.6590277 | 2.1366677 | 1.8826102 | 1.9529519
2 1.4362759 2.1394231 1.3769242 2.1079449 1.7048331 | 1.8222323 2 1.6255761 | 2.2872693 | 1.6360497 | 2.2125712 | 1.9198212 | 1.9998641
3 11819761 | 1.6413274 1.7166467 1.404391 1.7171903 | 1.6057694 3 1.3494673 | 2.0929693 | 1.4968905 | 2.0040504 | 1.7640568 | 1.8302874
4 1.8481478 | 0.40673147 | 3.3983956 | 0.50210963 | 2.1211686 | 1.6983453 4 1.5591429 | 1.665797 | 2.4213301 | 1.4949232 | 2.1294683 | 1.9411275
5 1.0641421 2472913 | -0.55656357 | 3.0907673 | 0.83795738 | 1.5242143 5 1.3026449 | 1.5242892 | 1.8250148 | 1.6108291 | 1.7285077 | 1.7197853
6 1.6845798 | 0.71592265 | 2.9017514 | 0.43428066 | 2.0751221 | 1.5781534 6 1.5460399 | 1.3276669 | 2.2218796 | 1.5220547 | 1.9157157 | 1.8320111
7 1.2956966 1.786315 | 0.68464599 | 2.0493862 | 1.1950669 | 1.4802472 7 1.3651682 | 1.4516072 | 1.5863647 | 1.693414 | 1.642706 | 1.6839796
8 1.4635626 1.2874377 1.7004149 1.2467895 1.5764815 | 1.4858896 8 1.4486378 | 1.3644169 | 1.6577231 | 1.6545543 | 1.6607325 | 1.6928569
9 1.3965793 1.4399491 1.3459126 1.4839961 1.4166315 | 1.4509043 9 1.4032814 | 1.4150265 | 1.4930563 | 1.6113629 | 1.601017 | 1.6288002
10 1.3994648 1.3942841 1.4113342 1.4091712 1.4289707 | 1.4336455 10 1.4018272 | 1.3946444 | 1.4543351 | 1.5715799 | 1.5590783 | 1.5915393
11 1.3863866 1.3867627 1.3895039 1.3997934 1.4072365 | 1.4142388 11 1.388665 1.388823 | 1.4177338 | 1.5209248 | 1.5225521 | 1.5505139
iy h =300 nm, TEy 9ij h = 800 nm, TE,
/i 0 T 2 3 7 5 /i 0 T 2 3 4 5
0 38362107 22056705 | -0.52150735 2.432606 013797359 | 0.68709003 0 17031003 085570039 | -0.047317720 | 0.91007486 | 0.10754949 | 0.20000344
1 ~0.71449253 27699387 | 26270367 22577456 04980362 | 021254014 T 0083329046 1391734 13389732 | 12530020 | -0.27418300 | 0.12099258
2 11085944 55653406 | -7.0130271 5.9631147 18082644 | 0.34649937 2 0.1798207 1.0335475 | -0.83285623 | 0.96864681 | -0.16302079 | 0.13913136
3 14642427 -10.343148 18.209874 ~15.298076 62120016 | 040174322 3 042401032 | 0.64310656 | -0.11056688 | -0.11210330 | 022204989 | 0.03001482
7 099087957 90110809 | -16.680421 17.320314 7276459 | 060477957 [} 057064072 11130712 17303345 | -0.81013885 | 033496026 | 0.071001023
5 0.34561903 ~6.9986065 14.116331 1341594 5056032 | 043074132 5 06203145 14140379 13818691 | 0.72585653 | -0.11172567 | 0024067798
6 0.064912041 37130759 7.979316 7.990713 36080734 | 0.30824375 6 0.49542487 ~1.3018016 15525712 | -0.66044185 | 0.19466881 | 0.045051879
7 015010676 | -1.4492067 3351523 -3.5260698 1.6639435 | -0.13072975 7 -0.2820412 0.74661395 | -0.76654336 | 0.42415504 | -0.055587859 | 0.02134889
3 0096807226 | 0397289 | -1.0119507 11341267 | -054227326 | 0.05266007 8 011549820 | -0.32643877 | 0.36413926 | -0.11817995 | 004651855 | 0.023965483
9 -0.031401585 -o 068990285 | 020015457 | 023031782 | 012271787 -o 0081222481 9 -0.020763945 | 0.08138206 | -0.084726430 | 0073636957 | 0.0049724388 | 0016274544
10 0 0021668193 0 028655974 | -0.013077666 10 0.0043839027 | -0.012087769 | 0.012091056 | 0.016793747 | 0011525181 0 013034842
I 365601e-06 | 0 53014 0.0012013796 o 0010157015 || 11 | -0.00011035055 | 0. 2[0 0.015079179 | 0.00

Table 1: Bernstein Coeff1c1ents (for A in 470-3700nm) for TEo effective index (left), eq. (3), and
normalized non-linear parameter for the waveguide SizsN4 core (right), eq. (6
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