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Diffraction Angle Calculator



Abstract

w— Transmitied Orders = Reflected Orders

Incident Wave

The defining characteristic of diffraction
gratings is the periodicity of their structure
which, as predicted by Fourier theory,
causes incident light to be split into a
discrete set of orders, both in transmission
and reflection. How many of these
propagating orders there are, as well as the
deflection angle of each of them, depends
on the wavelength of the radiation, the
refractive indices of the media in front of
and behind the grating, the period of the
structure, and the angle of incidence. This
dependence is mathematically encoded in
the grating equation. In this use case we
present the Diffraction Angle Calculator of
VirtualLab Fusion, a convenient tool for
calculations involving the grating equation.




Open the Diffraction Angle Calculator

The Diffraction Angle Calculator can
be accessed through the Calculators
drop-down list under the Start tab.

fo-su® -
Start Sources Functions Catalogs Windows Help

P o = e

Diffractive Gratings Laser Light Light
Optics » - Resonators = Guides = Shaping -

[ ABCD Law Calculator

Coherence Time & Length Calculator
Debye-Wolf Integral Calculator
Diffraction Angle Calculator
Direction Converter

Fiber Mode Calculater
Fresnel Effects Calculator
Laser Beam Calculator
Memory Calculator
Modulation Depth Calculator
Rigorous Analysis of Slanted Gratings
Spherical Lens Calculator

Vector & Coordinate System Viewer
Waveplate Calculator

Callatrs




Setting the Input Parameters

ﬂ 1: Diffraction Angle Calculator

The user needs to input values for

| the Grating Period, Incident Angle,
Diradion Order N Wavelength, and define the
o El] materials in front of and behind the
e NNE ) N grating. The incident wave and the

First Material

reflected orders reside in the First
nly Material, while the transmitted
State of Matter  Gas or ; orders are in the Second Material.

Switch Materials

Name | Air Q

Second Material

| The Switch Materials button can be
/& used to swap the two materials.

State of Matter

validity: @




Define Diffraction Orders

ﬂ 1: Diffraction Angle Calculator

. | Within the Diffraction Orders box, you
have the option to specify the Maximum
e == | Shown Order. This parameter dictates
| the number of propagating orders that
. will be visible. The minimum and
ol maximum propagating orders, for both

| reflection and transmission, are
_ displayed as the Reflected Orders

_ Range and Transmitted Orders Range,

A respectively.

State of Matter Solid

Validlt-,r.o




Grating Equation

The Diffraction Angle Calculator shows the
resulting diagram in x-z plane. The angles can be
calculated from the wave vector and vice versa.

Quantitatively, the wave vector k,; of a diffraction
order [ is calculated by the grating equation,

27l
k — k. + —
out,x 1n,x PX_
21N .
: t
kout,z — Slgn(nout) (T{Ju> — kgut,x_
i where P, is the grating period, n is the refractive

Index, A is the vacuum wavelength.

w— Transmitied Orders = Reflected Orders

s -y 2m /P, Is often referred to as the x-component of the
w—— |Cident Wave )
grating vector.




Diffraction Order Diagram
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SR - The user can generate a separate

E 4.:: 1 window for the diagram, which

E:? 1 can be saved and zoomed into, by

o '54:;3: clicking on Separate Diagram.

oz | sooor Additionally, a table displaying the
diffraction angles is also provided.

m—— Transmitted Orders = Reflected Orders

Incident Wave




An Example

[ =
[] 27: Diffraction Angle Calculator —m||[E) @
Grating Period 5 um Diagram Table
Incident Angle 25°

Wavelength 532 nm

Let us now consider

Diffraction Orders

il E another example. For this
el neon et s case, we choose the First
First Material Material as fused silica and
: i the Second Material as air,

with an Incident Angle of
) o 25°. We limit the Maximum
Second Materia o Shown Order to 1.

State of Matter Solid

Name Air Q — Transmitted Orders == Reflected Orders
Incident Wave
Catalog Material v | | B
State of Matter Gas or Vacuum Separate Diagram
validity: € Close Help




ne Example in General Optical Setup

+80° -80°

—— Transmitted Orders = Reflected Orders
Incident Wave

5 44: Period: 5 pm:; Incident Angle: 25° @ 532 nm...| & || &) || B8 49: System: 3D o B (3
A Kk 2
@' QERO ..

(=] 2 Optical Setup View #1 (Optical Setup)”

We employ a General Optical Setup to simulate an analogous system. The diffraction grating

Is described by a Grating Component, using the FMM/RCWA [S-Matrix] solver. We can see
that this yields the same results as the Diffraction Angle Calculator, where the outcome is
directly computed by the grating equation.
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