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Holographically Generated Volume Grating



Abstract

\‘
\

Holographic generated volume gratings,
with a thickness much larger than the
wavelength, normally exhibit a narrow
bandwidth for the particular designed
wavelength and angle. Following the two-
beam interference exposure process, a
volume grating inside fused silica is
generated and simulated with the
rigorous Fourier modal method (FMM) in
VirtualLab Fusion. Both the spectral and
angular dependent reflection property of
the grating are analyzed.
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Holographic Volume Grating
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The holographic volume grating
IS generated by a specialized
medium defined between two
plane interfaces. It allows to
configure the modulations of the
refractive index, which was e.g.,
generated by holographic
exposure. It can be found via
Templates > Volume Grating
Medium.
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Holographic Volume Grating

Ideal Plane Wave
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After adjusting the thickness
and editing the view settings

appropriately, the preview of the
periodic grating structure can be

seen.
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Construction of the Volume Grating Medium

» To describe the volume grating VirtualLab Gt s :
simulates the interference pattern of a re————
certain number of impinging waves. .
. . . Catalog Material 7| &
» First, a Holographic Material has to be |
chosen, that provides the initial index of | [ Jewmosn
refraCtiO n . Representation of Direction Cartesian Angles
 Next, an interference pattern is constructed i e e R S S
by calculating the local time-averaged P mm = F = = -
energy density of an arbitrary number of |
Plane Waves. . © Direct (O Simulate Exposition Process (O Photonic Crystals
« Lastly, this interference pattern is | o e mm———— :“’ .
transferred into a refractive index
modulation that represents the volume Sirechure Perog

grating.
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Holographic Material

« The Holographic Material can be specified
either using our extensive material library
or by specifying the refractive index
directly.
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Construction of the Volume Grating Medium
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 Here, wmax describes a weighting factor, oG] e o ][ comt ][ vew
which will be specified in the next section.




Refractive Index Modulation — Direct

In this case the desired Refractive Index Modulation
An and the Relative Refractive Index Offset R is
defined by direct modulation mode. The refractive
index n(x, y, z) at a certain position is then calculated
via

Jj(mayaz) R—l) . An

Wmax 2

ﬂ(.’L‘,y, Z) — TMholo + (

Wmax Can be an arbitrary value, as it cancels out in
this case. ny,,, IS the refractive index of the
holographic material.

For R = + 100%, the refractive index modulation is
added to ny,;,, for R = — 100%, it is subtracted from
N1 @nd for intermediate values it is something in

between. In particular, the case R = 0 means that the

: . An An
refractive indices range from np;, — — 10 npgp +

The effect of the Relative Refractive Index Offset R is
shown in the following experiment (Diffraction
Efficiency vs. Wavelength)
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Refractive Index Modulation — Simulate Exposition Process
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Refractive Index Modulation — Photonic Crystal

« When using the Photonic Crystal options, users can
specify a second material using or importing one from
our extensive data base. VirtualLab will then assume
the base material if the local averaged energy density
of the interference pattern is below the specified
threshold and the second material when it is above.
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Advanced Options & Information

For the modeling, the modulation of the index has
to be decomposed, what is done automatically.
This can be checked and if necessary, adjusted on
the Structure Decomposition page.
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Advanced Options & Information

If the numbers of layers and transition points are
increased (e.g., by a factor of 2), the discretization
becomes smoother, at the expense of an increased
numerical effort.
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Examples



Modeling Task
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Diffraction Efficiency vs. Wavelength
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Diffraction Efficiency vs. Angle of Incidence
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