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Fig. 5. The mask layout (a) is compared to a SEM image of the fabricated

device (b). Both a top view (left) and a cross-section (right) are shown.
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Fig. 8. The Aw as measured in the fabricated devices is shown as a function
of the Aw from the mask layout. The relation is parabolic for values below
250 nm, after which it becomes linear.

Future devices could benefit from reverse engineering: by
using this data, the grating teeth in the design can be extended
to compensate for the fabrication effects, resulting in the desired
value of Aw. It should be noted that this relation will change if
the period of the grating changes significantly.

V. MEASUREMENTS

The waveguides are equipped with grating couplers to couple
light from an optical fiber to the waveguide and back [13]. A
tunable laser is used as a light source and the reflected and trans-
mitted power are measured simultaneously using two power me-
ters. The reflected power is measured through a circulator and
index matching fluid is used between fiber and chip to reduce un-
wanted reflections. Polarization paddles control the polarization
of the light. Both transmission and reflection spectra are nor-
malized with respect to the transmission of a straight waveguide
with the same grating couplers. For the reflection spectra, we
also take the additional loss through the circulator into account.

Fig. 9 shows the measured reflection and transmission spectra
of four gratings with different target spectra and/or parameters:

1) one single peak,

2) three peaks, separated by 10 nm,

3) three peaks, separated by 5 nm, and one by 10 nm,

4) nine peaks, separated by 5 nm.

The measured spectra distinctly show the peaks that were set
in the target spectra. There is a slight shift to smaller wave-
lengths and the peaks also appear slightly closer together than
in the original design. The shift is a consequence of using a sin-
gle value for ng in the design of the gratings, while in fact, ng
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Four examples of gratings with different spectra and parameters demonstrate the performance of the holographic gratings.
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The measured spectra of the four-peak spectrum with a length of 1000 ;x m and parameters A2 show a very good correspondence with simulations,

using the effective index method in Camfr, a mode solver based on EME, as well as calculations based on the weak grating theory (normalized).

is different for each specific implementation. The spectrum is
slightly compressed because ng does depend on the wavelength,
which was not taken into account. This dependence could be in-
corporated into the design procedure, by using simulated values
of ng( ) in Eq. (2) of the design procedure, instead of the effec-
tive refractive index. This would increase the correspondence
between the target spectrum and the measurements. However,
by taking into account material and waveguide dispersion, the
design and the implementation can no longer be independent
from each other.

We analyze the measurements in more detail in Section VII.

VI. SIMULATIONS

First of all, the expected reflection spectrum can be calculated
by performing a forward Fourier transform on the final An,
taking into account the actual length of the grating and the
truncation transformation. This provides a fast way of verifying
for example that truncating the grating does not significantly
changes the reflection spectrum at the wavelengths of interest.

Obviously, this calculation based on the weak grating the-
ory does not take the actual implementation as a ridge wave-
guide into account. Therefore, we need to import the actual de-
vices into a physical simulation tool. We use the effective index
method in Camfr, a mode solver base on eigenmode expan-
sion (EME) [14]. As there is a considerable difference between
the mask layout and the fabricated device, the measured wing
widths were used.

Fig. 10 shows the calculated, simulated and measured spec-
tra of the grating designed for the spectrum with three peaks,
separated by Snm, and one additional peak separated by 10 nm.
The grating has a length of 1000 ;» m and the parameters from
A2. The effective index method slightly overestimates the ef-
fective index of the waveguide. For example, for a wing width
of 100 nm, the effective index method returns a refractive in-

dex of 2.65, while the two-dimensional mode solver Fimmwave
calculates a value of 2.53. This causes the simulated spectra to
shift to larger wavelengths. The index constrast is also slightly
lower, which results in smaller reflections and thus lower dips.
Apart from this, the simulated spectra show a very good corre-
spondence with the measurements. We also see a good corre-
spondence between the simulation in Camfr, and the theoretical
calculation based on the weak grating theory. This indicates,
that—at least in this particular case—the assumptions of the
weak grating theory hold. The interstitial peaks that are visible
in the simulation, should also be present in the measurements,
but we suspect they don’t rise above the noise level.

VII. FURTHER ANALYSIS

The resolution of a grating is determined by both its length
and strength. The weakest and longest grating have the highest
spectral resolution. In our case of weak reflection gratings, there
is aclear tradeoff between length, resolution and reflected power.

Limiting the length of a grating can be interpreted as mul-
tiplying the infinite grating with a rectangular window. In the
Fourier domain, this causes a convolution of the peak with a sinc
function. The shorter the rectangular window, the broader this
sinc function becomes. This translates into a lower spectral reso-
lution. Fig. 11 shows the 3-peak spectrum for increasing grating
lengths. The peaks become narrower until a grating length of
about 500 p m, after which they remain constant. This width
A s limited by the strength of the grating.

To investigate the spectral resolution in more detail, we take
a closer look at the gratings with a target spectrum consisting
of one single peak. For such a regular Bragg grating, following
relation between the field reflection R at a single interface and
the spectral resolution holds:
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