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Abstract—Reconstructing the E-Field of a grating coupler with
measurements is essential for efficient packaging, but methods
like near-field scanning optical microscopy are very complex.
This paper presents a model-based optimization with minimal
use of physical priors. It provides a low complexity approach
for field imaging with reasonable resolution, which has a low
sensitivity for initial conditions.
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I. MOTIVATION

A stable fiber-chip interface is crucial for Photonic Inte-
grated Circuit (PIC) assemblies. Our approach utilizes well-
established grating couplers for stable PIC packaging. A 3D-
printed micro-optic connects an optical fiber with an on-chip
grating coupler, as depicted in Fig. 1, allowing a compact
packaging [1] without requiring precise angular adjustment of
the fiber.

To make use of the high coupling efficiency of grating
couplers [2], the coupling has to be aligned with low toler-
ances. This can be achieved using active alignment techniques,
however, this would not be feasible when using 3-D printed
structures directly on the PIC. Hence, direct printing on the
PIC requires the determination of the focus point of the
fabricated grating coupled. Several techniques exist to image
the field of a grating coupler. One is Near-field Scanning
Optical Microscopy (NSOM), a technique for getting high-
resolution images without assuming any prior properties of the
grating coupler [3]. However, this resolution comes at the cost
of high complexity of the scanning setup. Another common
approach is to assume certain properties of the grating coupler,
i.e. an exponentially decaying E-field [4]. The spatial lowpass
filtering of the single-mode fiber can then be reversed to
calculate the E-field. While this approach can be used without
any changes to a common measurement setup for PICs, it
cannot identify effects that were not considered before. This
paper presents a method that combines these two approaches
to achieve high detail measurements of the grating coupler’s E-
field with the ability to capture effects that were not accounted
for as priors. This is done by using a PIC measurement
setup with micro actuators to limit the degrees of freedom
of possible solutions.
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Fig. 1: Schematic of a printed micro-optic, which couples light
between a horizontal fiber and an on-chip grating coupler.

Our research focuses on horizontal coupling using a biconic
total internal reflection (TIR) surface to reflect the light
coupled between a grating coupler and a standard SMF-28
fiber [1].

II. GRATING COUPLER MODEL

The period Λ of the grating coupler is known, and no
assumptions are made about any other process parameters.
The fibers are positioned at a distance d, lying in the far field
d ≫ λ for a point source, but since d ≤ D2

λ we are in the
Fresnel (Near-field) region, where D denotes the dimension
of the grating coupler [5]. The biconic TIR mirror is modeled
as a Perfectly Electric Conductor (PEC) surface. This is a
simplification since TIR surfaces have an angle-dependent
phase shift, but because of the distance between the mirror
and sources, the curvature of the mirror compensates for the
difference in angle, resulting in a near constant phase shift.

Since we assume the segments of the grating coupler to be
the same, the whole grating coupler can be modeled as a su-
perposition of N identical point sources spaced by a multiple
of the period Λ, Fig. 1 (green dots), with an exponentially
decaying amplitude and a constant phase increment. The E-
field reflections on a PEC surface thus can be modeled like
this [6]:
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Reflection points p ∈ Pn ⊂ M on the TIR mirror, Fig. 2a
(turquoise), are calculated using the principle of shortest path
(Fermat’s principle for ray optics).

Pn = argmin
p∈M
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The position of the n-th source is given by sn.

III. E-FIELD RECONSTRUCTION

Since the model is analytical, we can employ a gradient-
descent algorithm using automatic differentiation (PyTorch’s
auto-grad). The model minimizes the discrepancy between the
simulated and measured overlap integrals by optimizing the
following parameters:

• radiation pattern A(γ)
• decay and phase increment factor C
• grating x-position xc

A. Loss function and Regularization

The objective is defined by the mean-squared error of the
overlap integrals between the SMF-28 field and the grating
coupler field. To ensure a physically realistic solution and to
further shrink the solution space, a regularization term for the
radiation profile is used. The regularization consists of L1 and
L2-losses of the first derivative and L2-losses for the second
derivative.

B. Stochastic Spatial Dropout

To further refine the radiation profile and eliminate com-
ponents that do not contribute significantly to the solution,
Stochastic Spatial Dropout is employed, inspired by CNN
approaches [7]. Periodically, random sections of the radiation
profile are set to zero. Correct solutions recover from this
deletion while ”ghost solutions” don’t. This process is stopped
in the final phase to allow the optimizer to find a good solution.

IV. RESULTS

Performing this field reconstruction multiple times with
seedless uniform random initialization resulted in similar re-
sults, demonstrating the insensitivity to initial conditions of
this method as well as the physical validity of the results.
In addition to the main-lobe of the grating coupler, a side-
lobe was predicted as in Fig. 2a. The radiation profile of the
individual point sources gives an incomplete picture Fig. 2b,
for higher angles the fields cancel due to the constant phase
increment, resulting in destructive interference. As shown in
Fig. 2c, the measured and reconstructed coupling into the
fiber is very close. The results of the coupling with the optic
show minor discrepancies; they likely stem from the PEC
assumption and the estimated surface geometry. This side lobe
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Fig. 2: (a) E-field distribution showing field amplitude at the fiber
interfaces M1 and M2 , (b) the reconstructed angular radiation pattern
A(γ), and (c) the model against measured overlap integrals.

is consistent with a TM-polarization, indicating an unexpected
TE/TM-mode hybridization. This side-lobe could be measured
up to the predicted maximum angle.

V. CONCLUSION

In this work, we demonstrate the reconstruction of the E-
field of a grating coupler based on data recorded by a common
PIC measurement setup, without relying on high resolutions
or a set of prior assumptions on the grating coupler’s geometry
of fabrication tolerances. This technique enables high coupling
efficiencies using passive allignement only.
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