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Format

Today’s presentation will last
approximately 30-35 minutes
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Additional Resources

ePast TracePro Webinars
*http://www.lambdares.com/webinars/

*TracePro Tutorial Videos
*http://www.lambdares.com/videos/

*TracePro Tutorials
*http://www.lambdares.com/technical support/tracepro/tutorials/

*Information on upcoming TracePro Training Classes
*http://www.lambdares.com/technical support/training/

Trace m% Copyright @Lambda Research %@search
= Corporation 2013, All Rights Reserved Corporation


http://www.lambdares.com/webinars/
http://www.lambdares.com/videos/
http://www.lambdares.com/technical_support/tracepro/tutorials/
http://www.lambdares.com/technical_support/training/

Current TracePro Release

o
*TracePro 7.3.0 — Released Mar 7, 2013

*This release can be downloaded by anyone
with a current Maintenance and Support
Agreement

www.lambdares.com
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Designing and Optimizing Light Guides
with TracePro
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Webinar Topics

Light Guide Basics

*Features and Utilities in TracePro for designing and
optimizing light guides

*Using the TracePro 3D Interactive Optimizer for
symmetric and asymmetric light guide profiles

*Sweeping a light guide profile along a user defined path
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Webinar Topics

*Using the new 3D Path option in the 3D Interactive
Optimizer to define a sweep pathin X, Y, and Z

*Defining variables and optimization targets in the
Interactive Optimizer

*Setting up the TracePro model and light sources

*Light Guide design tips
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Light Guide Basics

I
Light guides typically guide, or direct light by total
internal reflection (TIR)

Common materials for light guides are plastic or glass

*The index of refraction of the light guide material will
affect the coupling of light into the light guide and the
light guiding properties

*Surface properties can be applied to a light guide to
improve performance
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Light Guide Basics — TIR

*Total Internal Reflection (TIR) is when light strikes a
material boundary at an angle larger than the Critical
Angle, relative to the surface normal, and is entirely or
totally reflected, a lossless process

*TIR requires that the index of refraction of the light
guide material be greater than that of the surrounding
material. If this is not the case, there will be no TIR
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Light Guide Basics — TIR

4} Modek:[Simple Light Guide.oml]

B |
Surface0

- Surfacel
Surface 2
Surface 3
4

5

Surface
Surface
... Entity 1
.. Block Y
... Material from Dave)

. Material name Nd 1.5

Light Guide with Index of Refraction of 1.5
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Light Guide Basics — Critical Angle

*The Critical Angle is the incident angle of light, relative
to the surface normal, at which TIR occurs

Light at an incident angle greater than the Critical Angle
is TIR’ed. Light at an angle less than the Critical Angle will
be partially reflected and partially refracted out of the
light guide.

*The Critical Angle varies with the indices of refraction of
the light guide material and the surrounding material
(typically Air)
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Light Guide Basics —
Calculating the Critical Angle

*The Critical Angle, 8_, is calculated using Snell’s Law

*n,sinB; = n,sinB, where:
*n, = index of refraction of incident material
*n, = index of refraction of transmitted material
*O, = incident angle A
*O, = transmitted angle

v

Image Source: Wikipedia
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Light Guide Basics —
Calculating the Critical Angle

*The Critical Angle, 8_, can be calculated by setting 6, to
90-degrees and solving Snell’s Law for 6,

*Since 0, =sin(90) = 1, the equation reduces to:

* 8.=arcsin(n,/n,)

*Example with a typical plastic:
*n,= 1.5, n,= 1.0 (air)

.ec
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Light Guide Basics —
Calculating the Critical Angle

s
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Light Guide Basics — Breaking TIR

*Sometimes we want to break TIR in a light guide to meet
a performance goal, for example, a backlight or a display
ring

*Two ways of breaking TIR are adding surface features or
adding surface textures

=
| race mg Copyright @Lambda Research %%gbsearécah

Corporation 2013, All Rights Reserved Corporation



Light Guide Basics — Breaking TIR

W} Model:{Breaking TIR.oml]

B

Add a physical feature to the surface of the light guide.
An example would be a backlight light extractor.
TracePWr
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Light Guide Basics — Breaking TIR

4} Model:[Breaking TIR, 2.oml]
B-v

vvvvvvv

Add a texture to the surface of the light guide.
An example would be a roughened surface for a indicator display.
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Light Guide Basics — Etendue

*Etendue is a measure of geometrical efficiency

*G = 1tSsin2Q)
*G = etendue
S = area of source, beam, or optic
*() = half angle of beam

*Another useful option for fiber optics
*G=ntS(NA)? - where NA is the numerical aperture of
the fiber
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Light Guide Basics — Etendue

*A consequence of the conservation of etendue is that by
concentrating the area, the angular distribution of the
illumination will spread.

4§} Model:[Tapered Light Guide.oml] =0 =R
(- Grid Source

W4 Grid Source 1
- Surface Source
... File Source

k.

[ Model | Source [Radiance|
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Light Guide Basics — Non-TIR Light Guides
]

Not all light guides use TIR. An example is a hollow light
guide with a reflective interior for a UV application.
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Light Guide Design with TracePro
]

*3D modeling in TracePro

*Model compatibility with most CAD systems including
SolidWorks, Pro/ENGINEER, CATIA, Inventor
*SAT, STEP, IGES import/export capability

*Accurate source models
*Grid Sources
*Surface Source Property
*Ray Files

Copyright @Lambda Research
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Light Guide Design with TracePro
]

*Extensive property catalogs including Material, Surface,
and Surface Source
*User extendable

*TracePro Utilities
*|ES/LDT Analysis
*Surface Source Property Generator
*Texture Optimizer
*2D and 3D Interactive Optimizers

TracePw:
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Light Guide Design with TracePro
]

*2D and 3D Geometry Modelers available in TracePro LC —
new in TracePro 7.3

*The 2D and 3D Geometry Modelers in TracePro LC have
the same geometry creation capability as the Interactive
Optimizers but lack the optimization feature

*2D and 3D Interactive Optimizers available in TracePro
Standard and Expert editions

*This webinar will focus on using the 3D Interactive
Optimizer for light guide design
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3D Interactive Optimizer - Opening
]

*The 3D Interactive Optimizer is launched from the
Utilities Menu in TracePro

W) TraceProbpert R TS

File Edit View Insert Define Raytrace Analysis Reports Tools (Utilitiesl Macros Window Help
D|[|| 8| #[m|@ <] @[] 8] K[M]| BitmapSource 21| #lels| KIE
ajajajaja|alEla] +| ot vl selv .00, N
|

I lﬂ :Model:[Untiﬂedl] IES/LDT Analysis E
Surface Source Property Generator

Fluorescence Property Generator

Texture Optimizer
DMD Texture Generator
2D Interactive Optimizer

3D Interactive Optimizer L\\?
Solar Emulator |
L“ z
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3D Interactive Optimizer - Windows
]

*3 main windows visible at launch

a5 3D Interactive Optimizer - Untitled.io2 . ™S -_— a5

File Edit Optimization Window Help

a2 Surface list == B a5l Property editor [e[@][=]

X

]

Aey dWE (oo [3as

Lower limit /

Pickup Upper limit

Description Value Type

85 Object View

EET T

A
SEEER

Mvpem database had been linked to C:\Users\djacob: \ppD: R g\Lambda Research Corporation\TracePro\TracePro.db. Ir X:-6.84528 Y:-6.009911 2:0.8353653
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3D Interactive Optimizer - Surfaces

*Surface types available

File Edit

Optimization

Window

Help

o/ 3D Interactive Optimizer -Untitledio2

Add surface

Delete surface

Copy
Paste

Send to TracePro

2

TracePw:

Planar
BSpline surface
Parametrized surface
2D profile

Path

¥ Wl ¥ v
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3D Interactive Optimizer - Surfaces
I

*Surface types available

Pona I
BSoli - BSpline surface »
pline surface » Free BSpline

. Parametrized surface  »

Parametrized surface  » X-Sym BSpline
. ] | 2D profile » I Asymmetric profile
2D profile ¥ Y-5ym BSpline Path 4 Symmetric profile
e ——_ .

Planar Planar

BSpline surface » BSpline surface »

Parametrized surface  » Biconic surface Parametrized surface  »

2D profile » 2D profile »

Path » Path » 2D Path

3D Path
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3D Interactive Optimizer — Objects
]

*Object types available

Name:  Object0 .Radial Sym metry
Type: |

Radial symmetry

Transforn

Extrusion Hh
Location:Lens Tilt then Shift .
2t Sweep = x 'EthUSlOn
Local Tilt Biaxial Xangle: 0 deg
Y angle: 0 deg
Z angle: 0 deg
*Lens
Linked surface #1: ' v
*Sweep
*Biaxial

Trace m% Copyright @Lambda Research Mm
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3D Interactive Optimizer — Property Editor

*Varies depending on selection - Segment selected

7
o Property editor

Description
D

Segment type

Value Type Lov:;:::;" / Upper limit
6
Spline %

Surface catalog

Surface property

Reflective?

Fresnelized?

[EEE=]
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Copyright @Lambda Research
Corporation 2013, All Rights Reserved

search
rp

oration



3D Interactive Optimizer — Property Editor

*Varies depending on selection - Object selected

a5l Property editor [==]r=]
Description Value Type Lowgr fimiz/ Upper limit
Pickup
Object 1
1D 1
Local origin (0,0,0)
Local tilt center {0,0,0)
Tilt X Angle 0
TiltY Angie 0
TiltZ Angle 0
Tilt then Shift
Thickness 5 Specified  |v
Material catalog None v
Material property v
Draft angle 0 Specified I >
Refractive index 15

TracePw:
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3D Interactive Optimizer — Examples

*Radial Symmetry

o' Surface list

(Bl Surface 0
@[] Surface 1

Opacity g

Light Guide Profile

Copyright @Lambda Research
Corporation 2013, All Rights Reserved

TracePw:




3D Interactive Optimizer — Examples
]

*Radial Symmetry

as! Surface list

; urface 0
&8 surface 1

Profile of center “cutout” section
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3D Interactive Optimizer — Examples
]

*Radial Symmetry

ol Object View [= [

(R
@-[¥]object 1

2 e e E A

S ER

Both profiles revolved in the Object view window
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3D Interactive Optimizer — Examples

*Radial Symmetry

ntimiza

-1 IC\ 3D Optimizer|

Prefix: LightGuide2

Operation mode: Optimization v | Config
Variable list

Object type Mat. Catalog Mat. Property

cRadialSymmet...

cRadialSymmet...

Subtract center profile from light guide
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3D Interactive Optimizer — Examples

*Radial Symmetry

) ModeE [Racial Symmetry Example.omi].
@/ Object0

Send model to TracePro

TracePw:
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3D Interactive Optimizer — Examples
]

*Asymmetric Profile using Segments and Splines

a5 Surface list E]
2 v

Opacity
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3D Interactive Optimizer — Examples

*Asymmetric Profile Extruded

ol Object View

Add a new object

Name: Object1

Type: Extrusion
Transform
Location: (0,0,0)

Local Tilt center:  (0,0,0)

Linked surface #1: Surface 2(1D:2)

Thickness: 5

Draftangle 0

L

[¥] Tilt then Shift

Xangle: 0
Yangle: 0

Zangle: 0

v

RN
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3D Interactive Optimizer — Examples
]

*Symmetric Profile using Sweep Paths

a5l Surface list
7 VNI B

@-[CPath 1

@[ ]Path 2

Opacity 1

Profile of one “leg” of the light guide
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3D Interactive Optimizer — Examples
]

*Symmetric Profile using Sweep Paths

o) Surface list

Opacity 2

Sweep Path of one leg of the light guide
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3D Interactive Optimizer — Examples
]

*Symmetric Profile using Sweep Paths

e SOTrotE et ===

Sweep Path of second leg of the light guide
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3D Interactive Optimizer — Examples

*Symmetric Profile using Sweep Paths

o5! Object View [S=r=]
@
#-[¥] Object 2 “;
- &l
Add a new object +
e}
Name:  Object1 @
Type: Sweep
Transform %
Location: (0,0,0) E Tilt then Shift )
Local Tilt center:  (0,0,0) Xangle: 0 deg x
Yangle: 0 deg i
Zangle: 0 deg 4
Linked surface #1: Surface 0(ID:0)
Linked surface #2:
\
I Linked surface #1: Surface 0(ID:0) -
Linked surface #2: [EluBifisss v

TracePw:
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3D Interactive Optimizer — Examples
]

*Symmetric Profile using Sweep Paths

bl Object View

[ElfEf=]

@-[¥]Object 1

Add a new object

Name:  Object2

Type: Sweep

FERewlEAa

Transform
Location:  (0,0,0) [] Tilt then Shift

Local Tiltcenter:  (0,0,0) Xangle: 0 deg

SEER

Yangle: 0 deg
Zangle: 0 deg

Linked surface #1: Surface O[Iﬂ:ﬂ)

Linked surface #2: [[Ei@i{loii] v

Linked surface #1: Surface 0(ID:0) -

‘ 7 Linked surface #2: [l v

search

 Corporation
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3D Interactive Optimizer — Examples

*Symmetric Profile using Sweep Paths

After-scheme

Path: Operand list
Prefix: LightGuide2 1D | Type
Operation mode: (¥ v | Config ) 2 fluy
Variable list < L
Included? Item Object Var. type S
Position-Y Ctrl Pnt:1@Seg... |RelativeVariabie
Position-Z Ctrl Pnt:1@Seg... | RelativeVariabie = =
PositionY | Ctrl Pnt:2@Seg... |RelativeVariabie| | u n ltE( 1’ 2)
Position-Z Ctrl Pnt:2@Seg... | RelativeVariable
Position-Y | Ctrl Pnt:0@Seg... | RelativeVariabie
Position-Z | Ctrl Pnt:0@Seg... | RelativeVariable e
< | = 1 I » < | 1 »
Object list
Output? D Object name Object type Mat. Catalog Mat. Property After-sche
> Pre-processor v -
1 Object1 cSweepObject Plastic X Acrylic
| 2 Object 2 cSweepObject Plastic X Acrylic R unite(1,2)

Start

Unite the two legs into one using the Unite command in After-scheme

TracePw:
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3D Interactive Optimizer — Examples
]

*Symmetric Profile using 3D Sweep Path — New in TracePro 7.3

e Sorrece it oo e

B
@-["Jpath-3D 1

Opacity &

Light Guide profile

=
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3D Interactive Optimizer — Examples
]

*Symmetric Profile using 3D Sweep Path — New in TracePro 7.3

a5’ Surface list foll-a ==
|

@-[[Jsurface 0
#-[¥]path-3D 1

Opacity E

3D path using spline segments
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3D Interactive Optimizer — Examples

TracePw:

*Symmetric Profile using 3D Sweep Path — New in TracePro 7.3

2 Object View

ol
g
&

[8f Object O

ace #2:

(1D:0)

\

wEeewEEA

5
BEEE

Light guide profile swept along 3D path
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3D Interactive Optimizer — Examples
]

*Symmetric Profile using 3D Sweep Path — New in TracePro 7.3

W} Modek[3D Path Example.om ] =5
-~ Object0

Send model to TracePro
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3D Interactive Optimizer - Optimization
]

*3D Interactive Optimizer Example

4} Model:[Light Guide Example 2.om!
=8 D

=)

Entity 1
......

Goal is to optimize the bends in the light guide for equal light

at both outputs with the best efficiency
Trace m;g Copyright @Lambda Research %m
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3D Interactive Optimizer - Optimization

*|nitial Irradiance Maps — 1-watt source

# | Irradiance/llluminance Map:[Light Guide Example 2.0ml]

oo

Total - Irradiance Map for Absorbed Flux
Target1 Detector!  Global Coordinates

wWim?
1400
1330
1260
1190
11200
10500
9800
9100
8400
7700
700
630!
560
490
420
350
2801
210
140
70

Y (millimeters)

4 3 2 1 0 -1 2 -3
X (millimeters)
Min:0.58938, Max:13572, Ave:2228.8
Total Flux:0.14264 W, Flux/Emitted Flux:0.14264, 18762 Incident Rays

5 | Irradiance/llluminance Map:[Light Guide Example 2.oml]

Total - Irradiance Map for Absorbed Flux
Target2 Detector2  Global Coordinates

2 1 0 -1
X (millimeters)
Min:0.18161, Max:14904, Ave:2565

Total Flux:0.16416 W, Flux/Emitted Flux:0.16416, 20318 Incident Rays

Leg 1
0.143 watts

-
L —
_—
E—
.—
—
=—
>
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3D Interactive Optimizer - Optimization

*Leg 1 Optimization variables — 3 spline control points

TracePw:

a) Surface list
[Isurface 0
#-[¥]Path 1 ﬂ
#-[]Path 2 a
=
=
z
-
fts.
a! Property editor
Description Value Type bowes lmit/ Upper limit
p YP Pickup pp
D 2@1@1
Position-X 0
Position-Y 58.0028610229% | RelativeVar... |¥ 6 6
Position-Z -6.1365923882 | RelativeVar.. (v 3 3
> : &
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3D Interactive Optimizer - Optimization

*Leg 2 Optimization variables — 3 spline control points

ad) Surface list

oo

@-[[Jsurface 0
@-[CJpPath 1
@-[¥]path 2

7 dNE (90 IE‘

! Property editor
Description Value Type Lowgr limit)/ Upper limit
Pickup

: 1e1@2 ]
Position-X 0 ! [
Position-Y 78.0040817261 | RelativeVar... (¥ 3 \ 3
Position-Z -1.4731316566 | RelativeVar... (¥ 3 \ 3 =

| TpaCTy

TracePw:

Copyright @Lambda Research %@search

Corporation 2013, All Rights Reserved Corporation




3D Interactive Optimizer - Optimization

*Setting up the TracePro model

4} Modek[Light Guide Example 2.oml]

= e
B LED

Surface0

(- Surface 1
(- Surface 2
»- Surface 3
Emitter]

(- Surface 5

-/ Object1
-~ Targetl
-~ Target2
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3D Interactive Optimizer - Optimization
]

*Setting up the TracePro model — LED source

4} Model:[Light Guide Example 2.oml]

 LED

- Objectl

- Surface 0

Surfacel

Surface 2

Surface3
4
5
6
7

Surface
Surface
Surface
Surface
Surface 8
Surface9
Surface 10
Surface1l
Surface12
Surface 13
Surface14
Entity 2
Material from Plastic
Material name Acrylic
- Targetl
Detectorl
Surfacel
Surface 2
Surface 3
Surface 4
Surface 5
Entity 3

Block

- Target2 4
Detector2 = Z
Surfacel

Surface 2
Model I Source |Radiance|

Cree XP-E white LED Surface Source Property

Copyright @Lambda Research ’s"‘earcalrl
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3D Interactive Optimizer - Optimization
]

*Setting up the TracePro model - Targets

4} Modek{Light Guide Example 2.0mi] [E=H ECR )

. LED

-/ Objectl
- Targetl
[#- Detectorl
[ Surfacel
Surface 2

Surface 3
-Surface 4
- Surface 5
- Entity 3
- Block
= Target2
- Detector2
Surfacel
- Surface 2
- Surface 3
- Surface 4
Surface 5
Entity 4
Block

Copyright @Lambda Research searcah/
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3D Interactive Optimizer - Optimization

*Optimization operands

path:

Prefix: webinar = Surface Weight Target value
= Detectorl 1 05
Operation mode: v [ config
Detector2 1
Variable list

<]

Included? Item Object Var. type Value =
» |V Position-Y Ctrl Pnt:1@Seg... |RelativeVariable | |53.66985702514...

Position-Z Ctrl Pnt:1@Seg... |RelativeVariabie (¥ |-3.51052951812...

Position-Y Ctrl Pnt:2@Seg... |RelativeVariabie (v | 58.00286102294...

Position-Z Ctrl Pnt:2@Seg... |RelativeVariabie | ¥ | -6.13659238815...

Position-Y Ctrl Pnt:0@Seg... |RelativeVariabie (v | 62.20456314086...

Position-Z Ctrl Pnt:0@Seg... |RelativeVariable | ¥ | -9.02526187896...

Position-Y Ctrl Pnt:1@Seg... |RelativeVariable | ¥ | 78.00408172607...

Position-Z Ctrl Pnt:1@Seg... |RelativeVariable | ¥ | -1.47313165664...

INEIEHENEEIENE]

< m | »

Operand list

ID Type Opt. Surface Range Weight Target value

01 Flux Yi Sum v Detectorl 1 0.5

4 02 Flux o I8 Sqm " Detector2 1 0

Copyright @Lambda Research
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3D Interactive Optimizer - Optimization
]

*Optimization Results — Optimization Log

D Erm Var. Tir »
908 | 01208519 | {53.938283431668 -2.00532026883347,59. 77343396518, | 3131201
909 | 01803519 | {53.9382834315503,-2.00532026883814, 50 7734339852... | 3131201
910 | 01808519 | {53.938283431695 -2.00532026883912,50. 77343396517, . | 3137201
. . 911 | 01808519  |{53.9382834317049,-2 00532026884836,59.7734339851 .. | 3131201
[ J 9 1 9 Ite rat I O n S 912 | 01208519 | {53.9382834316863,-2.00532026884089, 50, 7734339651 ... | 3137201

I 913 | 01303519 | {53.9382834315258 -2.00532026885045 50 7734339851 .. | 3131201
u 914 | 01308519 | {53.9382834316885 -2, 0053202688300,50.77343385513... | 313/201;
|

915 0.1808519 {53.9382834316911,-2.00532026882982,59.773433%651.... | 3131201
916 0.1808519 {53.9382834317485 -2.00532026885023,59.773433%650... | 3/13/201.
917 0.1808519 {53.9382834318062,-2.00532026886725,59.7734339649... | 3/13/201:

o B e St re S u It at 918 0.1808519 {53.9382834317366,-2.00532026885762,59.7734339650... | 3/13/201.

919 0.1808519 {53.938283431775,-2.00532026887907,59.77343396504.... 3’13@01IKJ

iteration 483 d E—

600

lteration count
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3D Interactive Optimizer - Optimization
]

*Optimization Results — New Sweep Paths

=1 el |

Opacity .7 Opacity

Leg 1 Sweep Path Leg 2 Sweep Path

=
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3D Interactive Optimizer - Optimization
]

*Optimization Results — Model in TracePro

W} Modek{Light Guide Example 2, after optimization.oml] |E=5ESH =)

-, LED

[ij / Targetl
Detectorl
Surfacel
- Surface 2
Surface 3
- Surface 4
- Surface 5

- Entity 3
-Block
- Target2
- Detector2
- Surface 1
Surface 2
Surface 3
Surface 4
[ Surface 5
- Entity 4
Block
-~ Objectl
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3D Interactive Optimizer - Optimization
]

*Optimization Results — Before and After Optimization

()] Modef:[Light Guide Example 2, before and after.oml]
. Light Guide Before
- Light Guide After

k.

TracePw:

Copyright @Lambda Research %%search

Corporation 2013, All Rights Reserved



3D Interactive Optimizer - Optimization

*Final Irradiance Maps — 1-watt source

# | Irradiance/Mluminance Map:[Light Guide Example 2, after optimization.oml]

= R <

# | Irradiance/lluminance Map:[Light Guide Example 2, after optimization.omi]

W/m2

27200
25500
23800
22100

T (rr}i.lllmeters)

4 3 2 1 0 -1 2
X (millimeters)
Min:0.010058, Max:33613, Ave:5541.4
Total Flux:0.35465 W, Flux/Emitted Flux:0.35465, 44082 Incident Rays

Total - Irradiance Map for Absorbed Flux
Target! Detector1  Global Coordinates

Total - Irradiance Map for Absorbed Flux
Target2 Detector2  Global Coordinates

X (millimeters)
Min:0.018743, Max:34758, Ave:6131
Total Flux:0.39239 W, Flux/Emitted Flux:0.39239, 46956 Incident Rays

racePW

Leg 1
0.355 watts
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Light Guide Design - Tips

*Avoid sharp corners
*Keep light guide bend radii as large as possible
*Use an accurate source model

*To improve efficiency, use scattering surfaces only where
necessary

*Trace enough rays to get an accurate answer — both
during optimization and in the final analysis
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Light Guide Design - Tips
]

*Use the Interactive Optimizers with enough variables
and multiple optimization operands, uniformity and total
flux for example, to improve results

*Use the analysis tools in TracePro to verify results
*Irradiance/llluminance Maps
*Candela Plots
eLuminance/Radiance Maps — Multiple “eye”
positions if possible
*Path Sorting to see ray paths
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A recording of this webinar and a copy of the
slides are available in the Webinars section of
our website:

http://www.lambdares.com/webinars/
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Thank You
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For Additional Information
Please Contact:

Lambda Research Corporation
Littleton, MA

978-486-0766
www.lambdares.com
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