Scenario 317.01: Design and analysis of
grating array for reshaping of LED light
INto a cross pattern

This application scenario demonstrates the design and analysis
of an illumination system for the shaping of LED light into a
cross light pattern. The shaping is done by a grating cells array.

Keywords: grating, arrays, LED, illumination
Required Toolboxes: Lighting Toolbox

Related Tutorials: Tutorial 96.01
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Modeling Task

Grating Cell Array Target Plane




Modeling Task

Quasi homogeneous
partial coherent source
model:

— Light describe by set of
modes.

— Modes have identical far

_ field intensity but have

. soune Brigniness vs. different positions and
Ouree Aperture different wavelength.

— Modes are modeled as
spherical waves in this
example.

- LED parameters:
— Wavelength 532 nm

— Source plane diameter:
0.1x0.1mm

Far field of source determined
by lateral mode shape




Modeling Task

« Desire light
[ 1: Desired Light Pattern o dIStrlbUtlon Stored In
s “Scenario_317.01 LED
_to Cross_Light Patte

rn_Shaping_01.bmp”.

x . Pattern diameter:
30 x 30 mm




Modeling Task

Cell Size 100 pm

7

10 mm = 100 Cells

« Grating cell array
consists of 100 x 100
cells.

180mcm”= . Cell size:
"> 100 x 100 um

« Array diameter:
10 x 10 mm




Design Steps

For the simulation of
this illumination
system a specific light
path diagram must be
generated. It contains
already the required
setup.

Only the distances
and light source
parameters must be
set.




Design Steps

p
Edit Far Field Source [

Made Selection | Sampling
Basic Parameters Spectral Parameters

All distances and

ETrET— | source parameters

Standard Air in Homogeneous Medium

— , must be entered In the

[ - light path diagram.

The distance between
@ I"_-I'Iarlua|5£:ﬂ|r|g [¥] &pply Lateral Offset of Source Field Source and grating CeII
s o Fecoior O Bl array Is entered on the

P : Basic Parameters page
(see left image).

Input Field: Position, Size and Shape
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Design Steps

r B’

w | Spectral Parameters ¢ The Source plane
Spatial Parameters | 'olarizatinn I Mode Selection | Sampling -
— diameter must be set

Size of Source Plane 100 pm

——— = on the Spatial

Specification Type

[[] Programmable Input ] Databased Input Parameters page-

o ) (G ] [ e




Design Steps

The grating cell array
IS on the second
surface of the light
shaper component

Click the Edit button
of the grating cell
array in order to
configure the cell size
and the number of
cells.




Design Steps

e ————— Number of cells: 100 x

General Settings

Mumber of Grating Cells

. Cell size: 100 x 100
Hm
e MR S Configured light path

Lateral Shift 967.29nm| 1.0668 pm

Rotation Angle -36.913° -53.006" - - -
s P | 2002 1884 _ d lagram IS sto red in
Lateral Shift 139.18 nm 253.7 nm .

Rotation Angle -45. 7547 -45.26° « .
Grating Peried 25473 um| 27974 pm

Lateral Shift 44852 nm| 1.3544 ym | ScenarIO_B-l 7.01_LED
Rotation Angle -18.71% -24 32%°
Grating Penied 2349 pm| 21699 pm

e | i e _to_Cross_Light_Patte

Rotation Angle -49.015° -43.143° -36.6

frmtimm Dmrind I AGOE cmm FCVAT wem

k

rn_Shaping_o2.lpd”.

0K || Cancel |[ Help |




Design Steps

-15.15 mm

1.1066

055328

The File=> Import function
can be used to import the
desired light distribution
from the
“Scenario_317.01_LED_to_C
ross nght Pattern_Shaping
_o1.bmp” bitmap file.

The result of the import is a
harmonic field.

The array size must be set
to 30 x 30 mm after the
Import with the help of the
property browser.

This harmonic field must be
converted into a Data Array
(see left lower image).




Design Steps

« A new grating cells
array design

b document must be

o g Ol Ay et generated.

Bearn Splitter Design

Diffuser Design

t requires an active
_ighting Toolbox light
path diagram.




Design Steps

m 8: Design Docurment

Lighting Setup | Design

Design Parameters

Wwavelength

(

Signal Field

Vanability of Spot Positions

Apply Random Lateral Shift at Each Grating Cell

\ &

=)

Use the Signal Field Set button
to set the data array containing
the desired light pattern.

A single grating cell will deflect
light to one data point of the
data array.

Variability of Spots Position
option and Apply Random
Lateral Shift at Each Grating Cell
option introduces a random
shift of all spots in the target
plane. This reduces pixel
effects.

The design document is stored
In
“Scenario_317.01_LED_to_Cros
s_Light_Pattern_Shaping_03.gc
d”

Click Go button to run design.




Optimization Result

The optimized light path diagram is stored in the file

“Scenario_317.01_LED_to_Cross_Light_Pattern_Shaping_o4.lp
dn

A ray tracing analysis is possible by selecting Ray Tracing
Instead of Field Tracing in the light path diagram.

Ray tracing does not include diffraction and interference effects.




Optimization Result

« Diffraction, interference
, 1 and partial coherence
T TP — effects can be include in
the simulation by
selecting Field Tracing in
the light path diagram.

The standard setting of
the light source uses just
an on-axis mode for the
simulation of the LED
light.

The camera detector
shows an incoherent
superposition of all spots
generated by the grating
cells.




Optimization Result

[SEif=]

In order to model the
extension of the LED
chip several modes
must be used.

The number of lateral
modes can be
controlled on the Mode
Selection page of the
light source by the
Lateral Level feature.

The output field for 5 by
5 modes Is shown In
the left lower image.




Conclusions

e VirtualLab™ can model illumination systems
using micro structured grating cells arrays for
light deflection.

« Design and analysis of grating cells arrays can be
done including diffraction, interference and partial
coherence effects.

« Grating cells arrays can be used to reshape and
homogenize LED light.




