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Abstract—We report the performance of a compact model for
the effective index of SOI wire waveguides, showing exceptional
agreement with simulated effective index and confinement fac-
tors. The development of such a model represents a potential
pathway toward better modeling of silicon photonic devices in
commercial foundry processes.

I. INTRODUCTION

In the silicon photonic design cycle there is often a large
gap between the predictive and actual performance of photonic
devices, preventing successful designs on the first [1]. A
key contributing factor is the lack of ability to effectively
incorporate foundry-specific measurement data into the de-
sign phase. Consequently, there has been much work over
the years trying to rectify that problem by either designing
more variation-robust devices or extracting geometric data
that can then be used in photonic simulation software for
pre-calibrating device designs or predicting the yield of the
next run [2]-[4]. However, there is a gap in the literature of
work that moves towards making a compact model of photonic
waveguides that enables yield prediction. In contrast to time-
consuming FDTD or EME simulations to quantify the effect of
variations on device performance, such compact models allow
for direct behavioral modeling of a device through a set of
analytical equations whose parameters are directly based on
real device measurements [5], [6]. In this paper, we present a
compact model of waveguide effective index that can be used
for statstical evaluation of waveguides in commercial silicon
photonic foundries. The objective of our model is to describe
the performance of a waveguide as a function of design,
process, and environmental variables: A the wavelength, w the
waveguide width, At the waveguide thickness variation. The
ability of the model to capture the changes in effective index
over a wide array of both design inputs and process variations
is demonstrated through the fitting of the model to simulated
index data in Lumerical MODE solver. A brief discussion of
how this model can be connected to real foundry data is then
presented.

II. GROUP DEVICE EXTRACTION-BASED COMPACT
MODEL

The change in effective index of a single mode waveguide
over an arbitrary frequency range is well-approximated by a
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second-order Taylor-Expansion:
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The fitting parameters Sl “Hals and negro are all de-
pendent on the waveguide geometry and material. Thus, this
dependence should be captured accurately over the geometry
design space. With respect to width, all three fitting parameters
are found to be well described by the behavioral model [7]:

w4 p1w + po

2
w2 + paw + pa )

p(w) =po

where p € La(;f;“, ag;f",nefﬂo] Once neg vs frequency data
is obtained for the range of waveguide widths of interest to
designers, these fitting parameters can then be easily extracted
using ordinary least squares (OLS). The power of a closed-
form model that directly captures the behavior of effective
index is that important design parameters such as the group
index [8] and scattering loss [9] can either be directly calcu-
lated or extracted through measurement with this model.

III. LUMERICAL MODE FITTING RESULTS

The effective indices for different SOI wire waveguides
were simulated in Lumerical MODE (Fig. 1a.), varying width
and thickness to evaluate how varied with geometry. Widths
were swept from 0.4 — 1 um, and thicknesses were swept
from 210 — 230 nm. All three fit parameters are matched well
by the model over the entire range of the width sweep (Fig.
1b.). The model, therefore, accurately matches the behavior of
the effective index both across a wide range of wavelengths
(Fig. 1c.) and a wide range of waveguide widths (Fig. 1d.).
By describing the width dependence of effective index with
equations (1) and (2), the effect that a thickness variation At
has on the model is captured in the sensitivity of each fitting
coefficient p; to At. The values and sensitivities for each
parameter around a mean thickness of 220 nm are shown in
Table I. It should be noted that though the MODE simulations
took ~ 6 hours to run, our model can reproduce the same
values instantaneously.

A value for the confinement factor based on our model can
also be derived [10], and was compared to the confinement
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TABLE I

EFFECTIVE INDEX FITTING RESULTS. SENSITIVITIES CALCULATED FOR A WAVEGUIDE THICKNESS OF 220 NM.

Fit Parameter

Po

Width Sub-Coefficients (p; [units], Op; /OA¢t [units / m])

p1

P2

p3

P4

0?nege/0f? [THz 2]

(-2.007e-06, -24.85)

(-1.470e-07, -1.161)

(-1.380e-14, 1.421e-06)

(-6.282e-07, 9.756e-01)

(1.183e-13, -1.878e-07)

Onegr/0f [THz 1]

(3.767e-03, 1.878e+4)

(8.029¢-08, -5.188)

(-1.082e-13, 3.014e-06)

(-6.481e-07, 7.209e-01)

(1.215e-13, -1.266e-07)

Teff,0

(2.908, 4.802e5)

(-7.332¢-07, 1.020)

(1.484e-13, -3.732e-07)

(-6.465e-07, 7.474e-01)

(1.213e-13, -1.347e-07)
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Fig. 1. a, TE Mode field distribution plot of simulated waveguide in Lumerical
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MODE. b, Plot of the n. parameters da;lg“ , %, and nefr,0 vs width. ¢,
Comparison of model and simulated n.g values over C- and L-bands. d,
Comparison of model and simulated n.g for different waveguide geometries

at a wavelength of 1550 nm.
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Fig. 2. a, Correlation between simulated and modeled confinement factors.
b, Comparison plot of confinement factor vs width for simulated and modeled
values.

factor reported by our simulations. There was a near perfect
correlation between the model and simulated confinement
factor, showing that the overall behavior is captured by the
model (Fig. 2a). The modeled confinement values were off
by a correction factor a of 0.95204. Though the origin of the
correction factor is unclear, the factor was consistent across all
studied waveguide thicknesses and widths. This implies that
at the very least the correction factor is independent of the
waveguide geometry itself (Fig. 2b).

IV. DISCUSSION & CONCLUSION

We have introduced a compact model that has potential
to incorporate process waveguide performance of commercial
foundries more tightly into the device design phase. By
carefully designing metrology devices, the mean compact
model parameters for a given foundry process can be extracted
through by choosing appropriate devices [4], [8]. Afterwards,
an optimization algorithm would estimate exact parameter
deviations for each device [6], [7]. Finally, a circuit-based
simulation software can be used to model exact statistics and
estimate device yield for a given silicon photonic circuit [11].
Future work should look at incorporating the coupling and loss
into the model. The behavior of waveguide index, coupling and
loss fully modeled, variation-aware compact models for most
silicon photonic building blocks such as micro-resonators and
Mach-Zehnder Interferometers can easily then be constructed.
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