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Accurate determination of loss in optical waveguides
is an important issue for almost every application. This
characterization is typically done by cut-back measure-
ments where the waveguide loss is determined from in-
sertion loss measurements for several waveguide lengths.
Highly reflective waveguide end facets allow for the
Fabry-Pérot method where cavity resonances are exam-
ined. However, many measurements have to be done
when performing the cut-back method and reflective end
facets are not always available. Besides, they do not pro-
vide spatially resolved results.

Here, we show a measurement technique where the
waveguide losses as well as the scattering properties of
silicon waveguides can be reliably explored within one
single and fast experiment [1]. Discrete defects can be
located as well as linear loss within our OFDR-based
method [2]. Differences in scattering due to changing
waveguide widths, e.g. when using tapered waveguides,
or due to the presence of top claddings can be made
visible. We measure the Rayleigh backscatter from a
silicon waveguide in an OFDR experiment similar to that
used in [1]. The Fourier transform of the output signal
yields the spatially resolved reflectivity
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Here, we only considered the Strength of the reflected
field by taking the absolute value of kgc. a accounts
for the power attenuation and r, is the complex reflec-
tion factor that characterizes the discrete scatterers at
Zn. h(z — z,) denotes a spatial impulse response that
mainly takes into account the limited sweep bandwidth.
In our experiment, this sweep bandwidth is 40 nm and
leads to a spatial resolution of around 10 um [2]. If the
mean backscatter in a waveguide does not change signifi-
cantly the loss distribution can be read directly from one
single measurement since the waveguide losses lead to a
decrease of the light backscattered from rear positions.
In general the scattering strength is not constant and
the measured reflectivity contains both, loss and scat-
tering properties. In this case they cannot be distin-
guished from each other within one single measurement.
However, measuring the backscatter from both sides of a
single waveguide enables for separating scattering from
loss distribution. This is done by calculating the ratio
fr(z) and the product f,(z) of the quantities given by
the measurements from the left (k%) and right-hand side
(k7), respectively and results in
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where ¢; and ¢y are z-independent constants. Equations
(2) and (3) show that measuring from both sides of a

waveguide allows for discrimination of spatially resolved
loss distribution and spatially resolved scattering prop-
erties. Performing this investigation on a 500 nm wide
silicon strip waveguide of 220 nm height leads to the re-
sults shown in Fig. 1. The losses can be read from the
upper curve (f.) and are 3.8dB/cm whereas the lower
curve reveals the scattering properties of the waveguide.

Fig. 2 shows loss and scattering properties of a low-loss
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Fig. 1. Result of a two-side scattering measurement of a 3cm long
strip waveguide. The losses can be read from the upper curve (fr),
the lower curve (fp) yields the reflectivity distribution.

(v &~ 0.4dB/cm) silicon hybrid rib/strip waveguide [3]
which is 220 nm in height and 700 nm in width in the rib
sections. The slab height is 150 nm. Where turning into
bends the waveguides are converted to strip waveguides
to provide small and low-loss bend radii. These sections
with significantly higher scattering can be clearly iden-
tified from the fy-curve in Fig. 2. The corresponding
losses per bend are below 0.01dB and thus can not be
resolved within our experiment. In conclusion, we pre-
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Fig. 2. Evaluation result for a low-loss nanorib waveguide with
strip waveguide sections at bends (see spikes in the f, curve).

sented an OFDR-based measurement technique for the
spatially resolved determination of loss and scattering
properties of silicon waveguides. Our method does not
require knowledge about coupling efficiencies or any as-
sumptions on the distribution of scatterers.
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