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Analysis of Slanted Gratings for Lightguide Coupling



Abstract

Slanted gratings are commonly used for
coupling light into optical lightguides due
to their high efficiency in a certain
diffraction order. Nowadays, they are
often applied in augmented and mixed
reality applications. We show how
VirtualLab Fusion can be used to analyze
certain slanted grating geometries from
literature, with specific parameters like
slant angle, fill factor, and modulation
depth. In addition, the effect of different
iIncidence angles on the diffraction
efficiency is investigated.




Modeling Task

to be varied [

input plane wave
wavelength: 633nm
angle of incidence: 45°
TE polarized

slanted grating

How to calculate the diffraction
efficiencies of the coupling grating,
with varying grating parameters?
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period: 596.92nm
relative depth

fill factor
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Diffraction Efficiency vs Relative Depth

c/p =fill factor
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Grating Parameter Value & Unit
relative depth h/A to be varied
slant angle ¢ -30°
fill factor c/p 50%

1

simulation by Fourier modal
method (FMM), also known as
rigorous coupled-wave analysis
(RCWA), in VirtualLab Fusion
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Figure from J. Michael Miller, et al.,
Appl. Opt. 36, 5717-5727 (1997)




Diffraction Efficiency vs Slant Angle

c/p =fill factor
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simulation by Fourier modal
method (FMM), also known as
rigorous coupled-wave analysis
(RCWA), in VirtualLab Fusion
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Grating Parameter

relative depth h/A
slant angle ¢
fill factor c/p

Slant Angle [°]
Value & Unit
1.058
60 50 40 30 20 -10 O
to be varied Figure from J. Michael Miller, et al.,
50% Appl. Opt. 36, 5717-5727 (1997)




Diffraction Efficiency vs Fill Factor

- simulation by Fourier modal
method (FMM), also known as
rigorous coupled-wave analysis
(RCWA), in VirtualLab Fusion
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Figure from J. Michael Miller, et al.,
fill factor c/p to be varied Appl. Opt. 36, 5717-5727 (1997)




Diffraction Efficiency vs Angle of Incidence

slanted grating
(fixed parameters
taken from reference)
- period: 596.92nm . . . .. .
relative depth 1.058 Grating diffraction efficiency is usually

fill factor 50 % sensitive to the angle of incidence.
slant angle -30°

80

Efficiency [%5]

60

input plane wave

- wavelength: 633nm

- angle of incidence: 45+10°
- TE polarized
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Peek into VirtualLab Fusion

Edit Stack

Interface Subseguent Medium

Slanted Grating Med..

j(j’ Enter your commen

convenient definition
for slanted gratings

Edit Parameter Coupling X

Parameter Specification
Se_tget{\e parameter(s) to be used as input (independent variable) and output (dependent variable) of the coupling
sni

I Filter by... X I [/] Show Only Used Parameters

12*  Object Category Parameter
“Ideal Plane... Wavelength ™

Wavelength

Diagram  Table Value at x-Coordinate

Efficiency [%]

“Slanted Grat... | Stack #2 (Slant... | Medium #1 (Slanted Grating... z-Extension

04 0.6 0.8 1
Relative Depth (Depth / Wavelength)

Edit Parameter Coup| |
Snippet —
Define the snippetwll | Help | Validity: @ [ <Back | nNet> || Finish
[ Edit | validity: @
RelativeDepth | o.1|
Relative Depth = z-Extension / Wavelength
| He | vaiicity @ | <Back | Net> | | Finish |

1.2

convenient coupling
of parameters

rigorous diffraction efficiency
calculation and visualization




Workflow Iin VirtualLab Fusion

« Configuration of lightguide coupling grating
structure
— Advanced Configuration of Slanted Grating [Use Case]
— Configuration of Grating Structures by Using Special

—Medla [Use Case] 4 n exrﬁzI.I:l:iicize-njI\t::.nnngle::b'fnl'(:ciat'.{:eence uas:LEr’éu_lP
. . . R Numerical Data Array
— Configuration of Grating Structures by Using Interfaces Dogram Table _ Vae at xCoordinate
[Use Case]

* Analyze coupling grating diffraction efficiency

— Customized Detector for Lightguide Coupling Grating
Evaluation [Use Case]

» Check efficiency by scanning over specific
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— Usage of Parameter Run [Use Case]
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VirtualLab Fusion Technologies

nonlinear free
crystals & components SPaC€&  prisms,
anisotropic plates,
components

cubes, ...
waveguides lenses &
& fibers Q ereeforms
scatterer D Field Q apertures &
Solver

boundaries
diffusers y s gratings
diffractive diffractive,
beam Fresnel, meta

splitters lenses
SLM& *micro lens & HOE, CGH,

adaptive  graatorm DOE
components  4rrave
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