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Setting Specifications for Light Guide/Pipe
Design

Be careful when selecting your source.
Do you have enough LED power to achieve your goal?

Set an output specification with the following in mind:

> llluminance

» Efficiency

» Angular Output
» Uniformity

» Luminance & Lit Appearance
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Design Constraints & Principles

» Snell's Law

» Fresnel Loss

» Critical Angle and TIR

» Bending Curvatures

» Etendue

» Light Guide Design Basics

» Single & Multiple LED advantages

» Top- vs. Side-emitting LEDs

» Positioning of the LED

» Add White Powder for Diffuse output
» Using Textured Surfaces on Input/Output Surfaces

» Examples
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Principles - Understanding Snell’s Law

One of the most important laws in optics is Snell’'s law. This formula describes the
interaction of light with a material i.e. glass or plastic for example. When light travels from
one material into another it bends or refracts at the boundary. For a ray that enters a
material with an incident angle of 6i into a material with an index of refraction ni, the angle

of refraction 6, in a material n,. can be defined as: : :
n;sinf; = n,sin6,

Refractive Index, n

1.0
1.33
Schott Bk7 Glass 1.517
1.49207

Table 1 — Refractive indices for common materials at .5461 microns

=z

01— So for an incident ray entering
the water at 45 degree

Incident Light Ray = . ) .
incidence, we can find the

X ‘ refracted angle in the media by
using Snell’s law, sin (45) =
an indox of renactionof 198 | | Cecedl @M@ 4 33 5in(Or) or (Or) = 32.117
at the middle visible d eg rees -
nr < Or
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Principles - Definition of Fresnel Loss

Frensel Loss occurs when light rays cross the boundary from one medium into
another. There is a loss due to the reflection at the boundary which is called Fresnel
loss and can be calculated using the equation shown below:

Fresnel Loss = [(ni-n,)/(n;+n,)]?

So for plastic to air and glass to air interface boundaries the Fresnel loss is around
4 to 5% but becomes quite large when dealing with the infrared wavelengths where
index of refraction can be 4.

Note this equation has been simplified to apply to only rays normal to the
surface.
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Principles - Critical Angle & TIR

TIR occurs when light passes from a medium of high refractive index into a
material of lower refractive indices. If the angle of incidence is greater than the

critical angle then the light will be reflected.

. Refracted
" LightRay —™™—,
A Air Media
Boundary
Incident \\ Criti

cal Ray
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~

Rays startil nMedlum n;
Total

7 Internally
, &, = eritical angle Reflected Ray

Light Rays 3(\: CD — -

The critical angle is defined where the sin 6, (90°). Since sin(90°) = 1, this then reduces Snell’s law to:
Sin 8, = n/n; where n, = 1 (air) and n; is plastic around 1.5. The critical angle is usually around 42

degrees for most plastics and BK7 glass in the visible wavelengths.
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Principles — Critical Angle

» 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/pipe.

(u) Modek[Simple Light Guide.oml) = =) ]
{[= - T |

> The Critical Angle varies =
with the indices of refraction | -==
of the light guide/pipe | =
material and the
surrounding material S s
(typically Air) |

k.

Model I Source lﬂad-an(t
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Principles — Calculating the Critical Angle

s

[
L‘ i

R
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Basics — Bending Curvatures

Keeping the critical angle in mind is important when curving light around mechanical
structures. To keep light contained inside the pipe remember to use gentle curves when
possible and remember the critical angle of around 42 degrees to contain large angular
emitting LEDs. There will almost always be losses at bends in any light pipe since it is
difficult to contain the +/- 90 degree emission of a normal LED. The job is to try and keep

as much light as possible from exiting the pipe.

Good rule of thumb is that the minimum bend
radius is 2 times the diameter or thickness of the

lightpipe
k.
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Basics — Using Light Guide/Pipe Mirrors

When you want to bend light quickly by 90 degrees use a 45 degree right angle bend in
the light pipe. If the light is perfectly collimated all the light will be reflected but with an LED

with lambertian emission you will usually end up with at most 50 percent of the light exiting
from the output surface of the light pipe.

Lost Rays exiting the

lightpipe at the 45 degre€@ —"7 |
right angle bend.
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Principles - Etendue

Etendue is a measure of geometrical efficiency - G = TSsin2Q

Where: G = etendue, S = area of source, beam, or optic, Q = half angle of beam, in
degrees

A consequence of the conservation of etendue is that when the area of a beam is
concentrated, the angular distribution of the illumination will spread. From the source point
of view, it is the product of the area of the source and the solid angle that the

system's entrance pupil subtends as seen from the source. Equivalently, from the system
point of view, the etendue equals the area of the entrance pupil times the solid angle the

source subtends as seen from the pupil. Definition courtesy of Wikipedia Etendue page.
Y
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Basics - Light Guide/Pipe

» 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/pipe
to improve performance
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Best Practices

» It is Important to have high reflectance
at the light guide/pipe boundaries (TIR)

» A diffuse surface is usually good practice to allow light
to exit from the output/exit surface of the light pipe.
With perfectly flat exit surfaces light can TIR back
and forth between the entrance and exit surfaces.

» Roughened surfaces, scattering dots or breaks in the
light guide/pipe can force the exit of light where needed
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Basics — Breaking TIR

4} Model:[Breaking TIR.oml] =8 |EcH =<
Vm

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

W} Model:{Breaking TIR, 2.omi]

[S8W4 Block 1
e

- Surfac

- Surface
- Surface
- Surface
- Surface
[ Surface
Entity 15
-Block
- Material from Dave)
Material name Nd 1.5

O O N =]

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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Basics — Non-TIR

) Model[Hollow Light Guide, 1.oml] =] -E- )

. Light Guide

./ Diverter
- Fiber

Not all light guides use TIR. An example is a hollow light
guide with a reflective interior for a UV application.

TracePro

Confidential & Proprietary — Lambda Research Corporation - _



Design Software Features

» Extensive property catalogs including Material,
Surface, & Surface Source

» Catalogs are user extendable

» Ultilities:
» |IES/LDT Analysis
» Surface Source Property Generator
» Texture Optimizer

» 2D and 3D Interactive Optimizers

B TracePro
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Design - Tips

» Avoid sharp corners

» Keep light guide bend radii as large as possible.
Use gentle bends if possible and right angle bends
only when necessary to maximize light transmittance.

> Use an accurate source models

» 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

S TracePro
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Design - Tips

» Coupling LED emission into the light pipe for minimal loss, try
multiple scenarios to try and maximize LED coupling.

» Consider Light Pipe shape, round, square, rectangular, hexagonal or
octagonal are possibilities

» Create uniform angular and positional output on the exit surface of
the light pipe if you want the viewer to see light pipe output in a
hemisphere around the output surface as a best practice.

» Make sure light can escape from the exit surface

S TracePro

Confidential & Proprietary — Lambda Research Corporation ' - -



Basics - LED Coupling into the Pipe

Four possible scenarios, LED against the light guide/pipe,
LED inside the light guide/pipe

- Round LED against pipe Round LED inside pipe Flat LED against pipe Flat LED inside pipe

Picture of Setup

Bluer ays show \

fresnel Toss.at R
tightpipe \\ y:
interface -

W

Coupling Loss Fresnel Loss at light pipe No loss if epoxied into the Fresnel Loss at light pipe No loss if epoxied into the
pipe pipe

IS EN (LNl Some distance due to size  None None None
of lens

No Yes No Yes

Efficiency Approx 76% Approx 42% (TIR Problem) Approx 76% Approx 37% (TIR Problem)
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Basics - Shape of the Light Guide/Pipe

Lets look at four scenarios, round, rectangular, hexagonal or octagonal
sections

Rectangular Hexagonal Octagonal

Tota - umnance ap for et Fux Tota - Buminance lapfor o et Flu
Tota - umnance p for et Fuc Tots - uminance Mp fornident Fux
Toroet Sutace 1. Gobol Coornates Targe Sutace 1 Gibal Coodinates Taroet Sutace 1. Gobol Coomnates Targe Sutace 1 Gibal Coodinates

543240012345 60 gt 3210t 23 45 T 5432400123 45 56006 FEEERERICILIN .
4
il Y 000
il a3 456+006! -
\ ©
At 1Y {
H y H ! H Li ) £ 3E4008]-. .
H f X H i A 1k H € A
i e % H N
¥ / \ H £ - ) H
= \ i = ) £ ps
£ E i £ \ N 1564006 4
1E+006
3 4 103 s 5 3 1 3 s
1 3 s 1 1 ) 3 s
Kt © Ritemery © 1 ° 54221012345 “320 12348
X (mitimeters) (iimeters) — X (mitmeters) (imeters) —
Henzortal erzor Henzortal jetzon
N " 141 008 1.+006, Max 736036+008, Ave 2 24276 +008 . 25006 Aue 2 140 78951, Max S 565084006, Ave 2 1681¢+008
VANSO98 9, Maxc9 41844006, Ave 2 427469005 140 28486, Max 4 862869006, Ave 2 1723+006 .
Total Fhux 242 74 I, FluEmitied Flux 0 74607, 173927 Incidert Rays. Total Fhix224 27 km, FluEmited Flux 0 69931, 162241 Incidert Rays Total Fhux 217 23 Im, FluvEmitied Fhux 0 66767, 151512 Incidert Rays Total Fhux 216 81 im, FludEmitied Fhox 0 68637, 151586 Incidert Rays
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Basics - Picking & Modeling the LED Source

Top Emitting LED Design
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Basics - Picking & Modeling the LED Source

Side Emitting LED Design

Side
Emitting
LEDs

PCB
Lightguide

Roughened Output
Face

ETracePro
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Diffusers & Textures

» You can download the TracePro MoldTech Diffuser Catalog at

http://secure.lambdares.com/downloads/TracePro Properties/
Moldtech DiffuserSurfacePropertyCatalog.txt

» The Luminit catalog at:

http://www.lambdares.com/CustomerSupportCenter/Properties/
Luminit SurfacePropertyCatalog

» The Bayer Makrolon Catalog at:

http://www.lambdares.com/CustomerSupportCenter/Properties/
Bayer SurfacePropertyCatalog.txt

» The Brightview Catalog at:

http://www.lambdares.com/CustomerSupportCenter/Properties/
BrightView SurfacePropertyCatalog.ixt

Confidential & Proprietary — Lambda Research Corporation _
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First Light Guide/Pipe
Design Example
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Using the 3D Surface Sketcher
to Start with an Initial Good Design

Use the segment tool to layout the Use the Ray tool to trace rays.
profile of the light pipe by creating Pull on segments to create a
linear and spline segments good initial design.

oo =]
"

Opacity 1’, Opacity
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Setting Up the Static System

 TracePro Expert - | revolved and e; i
File Edit View Insert Define Raytrace Analysis Reports Tools Utilities Macros Window Help

D|(d| 8| | &|%|E o] o|o|s| g X[ ] @ el @e|w| KIE | 28
Q|Q|a|&|}|R(&E|&E| +| el w2 2e[ofe H]| pae|c]p| Bla] (D] L[] ]

-,/ SD Osram LW_Y87C
,. ./ SD Osram LW_Y87C

»- ./ Block1

-/ Blocker
@ Inside Blocker

- Lightpipe

Power comes
out of these
exit surfaces

Side Emitting
Osram LEDs

Model l Source |Luminance

For Help, press F1

[X:-12.877441 V:-10.050457 Z:51.812981 mm |X:22.424828 V:-9.424123 7:-19.971128 mm
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Initial Revision, 26% Efficiency,
Poor Uniformity

# | Irradiance/lluminance Map:[Initial revolved and extruded lightpipe.oml] = |[-&@ ||§]

Total - llluminance Map for Incident Flux
Block 1 Look Here  Global Coordinates

lux 14 12 10 8 6 4 -2 0 2 4 6 8 10 12 14

4500

4000

350

300

Y (millimeters)

250

200

150!

100!

14 12 10 8 6 4 2 0 2 4 6 8 10 12 14
X (millimeters)
Min:2.6588e-005, Max:6129, Ave:1188
Total Flux:0.53459 Im, Flux/Emitted Flux:0.2673, 38712 Incident Rays
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Setting Up the Optimization

Specify Variables Specify the operands for the
Merit Function

= Surface list

S
5 Operand list
2 ID Type Opt. Surface Range Weight Target value
1 b
SpECIfy a » 01 ‘ Flux 'l Sum v Look Here 1 6
Variables — ——
— 02 |unigormity Ng|program.. [~ Look Here 10 {Ring Target}
Maximize Flux on Look Here
Set Uniformity Target
¥
Irradiance uniformity target profile definer —l |
Import Export Delete Update Saveas.
Opacity
Ring Target v
T
T2
Variable list E
™
Included? Item Object Var. type Value Lo Imt. Hi Imt. ?7)
! - ———e—— T
» v Position-Y Seg Pnt:4@Surf:0 |Re|ativeVariable 3 0.315918266773... 1 1 ﬁu
N | T11
v Position-Z Seg Pnt:4@Surf:0 |RelariveVariable 3 47.034854888916 1 1 T2
v Position-Y Seg Pnt:8@Surf:0 |Relat'ive\lariable 3 1.465048789978... 1 1
v Position-Z Seg Pnt:8@5Surf:0 ‘RelativeVariable 353.92963790893... 1 1 | x5 7 5
—— e —— =—
v PositionY | Ctrl Pnt:0@Seg... |Relariv+ RelativeVariable 51981306076... 1 1 ! ! B0l
v Position-Z | Ctrl Pnt:0@Seg... |Re|ativeVariab|e j51.94477344233... 1 1 i (idodity I
e | ad | Delete
v Position-Y Ctrl Pnt:0@Seg... |Re|ativeVariable 3 2.823112249374... 1 1
S — I Equation: Test [ Discard ‘ l Apply |
v Position-Z Ctrl Pnt:0@Seg... |Re|ativeVariable 3 50.79564666748... 1 1 e ——

B TracePro
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Monitoring the Optimization Process

{0.315918266773224,47 034854888916, 1.46504878957803, 53.9296379089355,-0.519813060760502,51.9447784423828,2.82311... | 11/5/2013 3:40:08 PM
{0.0325242741259012,46.7707978385668, 1.72106195695513,53.4307296858174,-0.328040141290163,51.9014699195776,3.285... | 11/5/2013 3:40:39 PM
0.4514274 {0.510168433978339,46.5595569888409,0.987483016225714,53.6113977889445,-0.936095134781809,52.1695595801458,3.277... | 11/5/2013 3:41:10 PM

4 | invaid | {0.0373585634364707,47 5295290243787, 1.7 WRG28T0543,53 9491121054252, 0. 332366930000746, 51 6295277765881,3.3200... | 11/5/2013 3:41:44 PM

Graphs | Trend chart
lteration ID: 3
Path: Shows results
G\

for each

File name:
Extuded and revoived L Look 2= | [t@ration

Graph selector: depending on
0 P_ g _
merit function
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Monitoring the Optimization Process

o) Surface list \E‘E@

BN suroce 0] i
Best Design is g
shown during i
iteration 3 of &
the
optimization
process

Opacity %
B TracePro
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How to Evaluate the Best Iteration

Efficiency 23.5% Angular Output

o Er var. Tme Rectangula( Can@ela Distribution Plot
1 {0.315918266773224,47.034854888916,1.465048789678... | 11/5/2013 11:48:14 Using Missed Rays
2 0. 465, 1.721061956... | 11/5/2013 11:50:04 ...
[: 3 | 04514274  |{0.510168433978339,46. 59888409,0.96748301622... | 11/5/2013 11:50:58 ...
4 | 06155745  |{0.0373585634964707,47 5295290243787, 1.T126162870... | 11/5/2013 11:51:47 ..
5 | 06256005 |{0.521573725485083,47.2441494957121,1.66403123768... | 11/5/2013 11:52:30 ...
3 0.564672 | {0.237056574049005,46.5940221743934,1.78636983354... | 11/512013 11:53:15 ..
7 | 05281484 47 1 ... | 11/512013 1:54:01 ...
8 | 06280473 |{0.656452543493609,46 9255406951488, 1.55448871971... | 11/5/2013 11:54:45 ...
9 | 06606925 |{0.0549486853364066,46.9123635312437,1.2604851081... | 11/5/2013 11:55:28 ...
10 | 05018268 |{o. 47, A ... [11/572013 11:56:15 ...
1| 06084473 [{07 4 71 ... [11/572013 11:56:59 .
12 | 05935837 AT .1451742865579,1.42997022887.... | 11/5(2013 11:57:43 ...
13 Invaid £ 1. . [ 11552013 11:58:29 ...
Evaluaing..\ | {0.133044554724046,46 5806577777029, 1.0608530692... | 11/5/2013 11:58:41 ...

Graphs | Trend chart

Iteration ID: 3

| o Bt s
Path: I
G A
File name:
Extuded and revoived LP_irr_Look Here_:

Graph selector:

07

23.6
percent

-80 -60 -40 -20 0 20 40 60 80
Degrees

TracePro
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How to Evaluate the Final Iteration

3D lIrradiance Map

Photorealistic Rendering

ETracePro
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Verifying Angular Output Using a Sphere
that’s a Large Distance from the Light Guide/Pipe

Another way to see the uniformity of the light exiting the light pipe is by placing a
sphere a far distance away and doing a 3D irradiance on the sphere. As can be
seen in the figure above there are two hotspots at either side of the exit surfaces

indicating very poor uniformity out of the light pipe.

S TracePro
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Trying Different Textures on EXxit Surfaces
to Increase Uniformity

lux
-out settings in View|O;
the raytrace. o
v
Execute
Y

Moldtech texture 11007 was
used on the exit surfaces of
the light pipe, better positional
uniformity, less efficiency and
about the same angular R R O O 0 O
uniformity. e ) rorss

Total Flux:0.35755 Im, Flux/Emitted Flux:0.17878, 39826 Incident Rays

Total - lluminance Map for Incident Flux
Block 1 Look Here  Global Coordinates

lux -14 12 10 8 6 -4 -2 0 2 4 6 8 10 12 14
5.6

S TracePro
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Adding Texture Around Exit Surfaces
to Leak Light Out Where You Don’t Need It!

Confidential & Proprietary — Lambda Research Corporation

Texture here
to let light
leak out.

Texture all exit surfaces as
shown in the upper left
figure, better uniformity,
good efficiency and better
angular output.
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Adding Even More Texture Around Exit Surfaces
lets Light scatter around more!

Texture
Even
More

Confidential & Proprietary — Lambda Research Corporation

Total - lluminance Map for Incident Flux
Block 1 Look Here  Global Coordinates

lux 14 12 10 8 6 -4 2 0 2 4 6 8 10 12 14

14 12 10 8 6 4 2 0
X (millimeters)

2 4 6 8 10 12 14

Min:1.3319e-005, Max:2994.1, Ave:527 .51
Total Flux:0.23738 Im, Flux/Emitted Flux:0.11869, 31489 Incident Rays

Texture even more surfaces on the
front of the light pipe as shown in the
upper left figure, uniformity is not as
good, efficiency reduces dramatically
but better angular output.

0

TracePro
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Adding Texture to the Entrance Surfaces to
Diffuse Light Out to the Outer Angular Areas!

..
£2°4%

Q
os g

. ‘
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lux

0.18
0.17
0.16
0.15
0.14
0.13
0.12
0.11
0.1

0.09
0.08
0.07
0.06

Total - lluminance Map for Incident Flux
Block 1 Look Here  Global Coordinates

14 12 10 8 6 4 2 0 2 4 6 8 10 12 14

14 12 10 8 6 4 2 0 2 4 6 8 10 12 14
X (millimeters)
Min:6.3489e-006, Max:3544.5, Ave:812.55
Total Flux:0.36565 Im, Flux/Emitted Flux:0.18282, 37583 Incident Rays

Adding texture to the entrance
and exit surfaces diffuses the
LED emission outward both
entering and leaving the light
pipe. For this scenario we have
good angular and position
uniformity, and good efficiency.
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Photorealistic Render of the Light Pipe with
Texture on the Entrance and Exit Surfaces

m = | @ 3 8 Rectangular Candela Distribution Plot:[Final revolved and extruded lightpipe_CH_PhotoWo...| = | (=} l@
_— Rectangular Candela Distribution Plot
Using Missed Rays

34
32
3

— 00

il

i A — 900
[y / \.
Foiy

28
26
24
22 \
2 / )
/ \ /

1.8 / o
16 (./ 78
1.4 - =7
M~y H \
12 A . AR S R A R SO S

V7
O S VA O\ M
08 : : ; \ : N
/ ;
06 T B B
/
04 » s \
Adding Texture to the Entranc e S e
- 0.2 = s e TSR
0——’“——J‘ i
90 -80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80 90
Degrees

il
VEAN

Vi
1Y

Wisr

Adding texture to the entrance and exit surfaces diffuses the LED emission
both entering and leaving the light pipe. Looking at the photo realistic render
we can see light exiting from the diffuse textured areas. Even though the
areas that are textured include the area around the exit surface, this is what
we need to create good angular and positional uniformity. This areas will be
blocked by a housing that absorbs the light.

S TracePro
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Second Light Guide/Pipe
Design Example

TracePro
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3D Interactive Optimizer

4} Modek{Light Guide Exarmple 2.0ml] =1 Eol
B-./ LED
Surface0
Surfacel
Surface 2
(- Surface 3
o B
Surface 5
. Entity1
.. Block
-/ Objectl
-/ Targetl
-~ Target2

Goal is to optimize the bends in the light guide for
equal light at both outputs with the best efficiency

TracePro
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3D Interactive Optimizer

Initial Irradiance Maps — 1-watt source

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

[E=3E=0 )

# | Irradiance/Tlluminance Map:[Light Guide Example 2.oml]

ol /==

Total - Irradiance Map for Absorbed Flux
Target1 Detector1  Global Coordinates

Wim?

11200
10500
9800
9100
8400
7700
7000
6300
5600

Y (millimeters)

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

Total - Irradiance Map for Absorbed Flux
Target2 Detector2  Global Coordinates

Wim? 4 3 2 1 0 -1 -2 -3 -4

12000
11250
10500
9750
9000
8250
7500
6750
6000

Y (millimeters)

4 3 2 1 0 -1 -2 -3 -4
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

Confidential & Proprietary — Lambda Research Corporation

Leg 2
0.164 watts
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3D Interactive Optimizer

Leg 1 Optimization variables — 3 spline control points

a) Surface list =3
@-["|surface 0
@-Path 1
@-[]Path 2

7 dnB f0o IEI

e |
I S

o5l Property editor

Lower limit /

Description Value Pickup

Position-X \ 0 ‘
Position-Y ‘ 58.0028610228% | RelativeVar... | ¥ 6 6

Upper limit

Position-Z ‘ -6.1365923882 RelativeVar... | ¥ 3 3

TracePro
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3D Interactive Optimizer

Leg 2 Optimization variables — 3 spline control points

2 Surface it =8 =R ==
@-[[Jsurface 0
@-[TJpath 1 E
@[V Path 2 =
=
=
=
fis.
a! Property editor
ey Lower limit / —
Description Value Pickup Upper limit
T o | |
Position-X } 0 \ \ C
Position-Y ‘ 78.0040817261 RelativeVar... | v 3 [ 3
Position-Z | -14731316566 | RelativeVar.. |v 3 | 3

TracePro
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3D Interactive Optimizer

Setting up the Model

{} Model:[Light Guide Example 2.oml]
B, LED
- Surface0
- Surfacel
- Surface 2
- Surface 3
[
[

o e
/- Surface 5
- Entity 1
- Block
-/ Objectl
-/ Targetl
- Target2

Model II Source ILuminancel

S TracePro
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3D Interactive Optimizer

Setting up the Model — LED Source

¢} Model:[Light Guide Example 2.oml]

ol o=

E-./ LED -
=] Object1
Surface 0
Surfacel
Surface 2
Surface 3
Surface 4
Surface 5
Surface 6
Surface 7
Surface 8
Surface 9
Surface 10
Surface 11
Surface12
Surface13
Surface 14
Siiface15
Entity 2
Material from Plastic
Material name Acrylic
Targetl
Detectorl
Surface 1
Surface 2
Surface 3
Surface 4
Surface 5
Entity 3
Block
= Target2

Detector2

Surface 1

- Surface 2 v
Model I Source lRadiancel

#=-8-8-E-8--8-E-8--E-E-E-E-E
m

#

]
#H-E-E-E-E-E

Cree XP-E White LED Surface Source Property
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3D Interactive Optimizer

Setting up the Model - Targets

e

4} Model[Light Guide Example 2.oml] =[5 ]
&/ LED
/ Object1

- Targetl

Detectorl
- Surfacel
Surface 2
Surface 3
Surface 4
Surface 5
- Entity 3

Block

= Target2

- Detector2
- Surfacel
- Surface 2
[
[
£

7- Surface 3

7] Surface 4

7 Surface 5
Entity 4
Block

Model I Source |Radiance|
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3D Interactive Optimizer

Optimization Operands

sttty 2|+ El
LETORIC\ 3D Optimizer] ‘ Operand list
Prefhc | webinar 1D Type Opt. ce Range Weight Target value
01 Flux Y| Sum Detectorl 1 05
Operation mode: ~ | config -
[ > 02 Flux Y| Sum = Detector2 1
Variable list z
Included? Item Object Var. type Value | =
3 Position | Cirl Pnt:1@Seg... |RelativeVariable | v | 53.66985702514...
7] Position-Z | Ctrl Pnt:1@Seg... |RelativeVariable | [ -351052951812...
] PositionY | Ctrl Pnt:2@Seg... |RelativeVariable |¥ |58.00286102294...|=
7] Position-Z Ctrl Pnt:2@Seg... |RelativeVariable | v | -6.13659238815...
Position-Y Ctrl Pnt:0@Seg... |RelativeVariable | ¥ | 62.20456314086...
Position-Z | Cirl Pnt:0@Seg... | RelativeVariable || -9.025261878%...
PositionY | Ctrl Pnt:1@Seg... |RelativeVariable | ¥ | 78.00408172607...
Position-Z | Ctrl Pnt:1@Seg... |RelativeVariable | ¥ | -1.47313165664...
- -
<[ o m | »
Object list
Output? D Object name Object type Mat. Catalog Mat. Property After-scheme
» Pre-processor sl =
F] 1 Object 1 cSweepObject Plasic  |v| Acrylic v
2 Object 2 cSweepObject Plastic  |v| Acylic | v unite(1,2)
Operand list
1D Type Surface Range Weight Targ lue
01 Flux |~¥ P Detectorl 3 0.5
> 02 Flux (¥ Sum [¥ Detector2 1
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3D Interactive Optimizer

Optimization Results — Optimization Log

D Em Var. Tie 4
908 | 0.1808519 | {53.938283431668,-2.00532026883347,59.77343396518... 31131201
909 | 0.1808519 | {53.9382834316503,-2.00532026833814,59.7734339652... |3/13/201: . .
910 | 0.1208519 | {53.938283431695,-2.00532026883912,59.77343396517... 31131201 91 9 |te ratlons
911 0.1808519 | {53.9382834317049,-2.00532026884836,59.7734339651... | 3/13/201;
912 | 0.1808519 | {53.9382834316863,-2.00532026884089,59.7734339651... |3/13/201:
913 | 0.1808519 | {53.9382834316858,-2.00532026835045,59.7734330651... |3/13/201:
914 0.1808519 | {53.93828343156885,-2.0053202683308,59.77343395513... | 31131201 B t It t 't t' 483
915 | 0.1808519 | {53.9382834316911,-2.00532026882982,59.7734339651... 3131201 eS resu a I era Ion

916 | 0.1808519 | {53.9382834317485,-2.00532026885023,59.7734339650... |3/13/201:
917 | 0.1808519 | {53.9382834318062,-2.00532026886725,59.7734330649... |3/13/201:
918 | 0.1808519 | {53.9382834317366,-2.00532026885762,59.7734339650... | 31131201
919 | 0.1808519 | {53.938283431775,-2.00532026887907,59.77343396504... |3/13/201:

1l

1 ] )

400 600

lteration count

S TracePro
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3D Interactive Optimizer

Optimization Results — New Sweep Paths

Surface list folFa=s a:l Surface list
7-["]surface 0 [ﬂ @-["]surface 0
[V L @-[C]Path 1
Grov ] £ £
[path 2 o =R Path 2|
g
=
z
]
[
Opacity i Opacity

Leg 1 Sweep Path Leg 2 Sweep Path

TracePro
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3D Interactive Optimizer

Optimization Results — Model

4} Model:[Light Guide Example 2, after optimization.oml] [EHEI@
~ LED

-/ Targetl
Detectorl
Surfacel
Surface 2
Surface 3
Surface 4
Surface 5
Entity 3
Block
- Target2

#]- Detector2
7- Surface 1
7 Surface 2
¥
3|
¥

o O O o O O O
13 R E5 R 3 R 3 R ES R )

Surface 3
Surface 4
Surface 5
- Entity 4
Block
#-.~ Objectl

o O O O o O e O

Model I Source |Radiance

ETracePro
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3D Interactive Optimizer

Optimization Results — Before and After Optimization

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

S TracePro
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3D Interactive Optimizer

Final Irradiance Maps — 1-watt Source

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

# | Iradiance/Tlluminance Map:[Light Guide Example 2, after optimization.oml] [-= ” E f@

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

2 1 -1 -2 -3

X (millimeters)
Min:0.010058, Max:33613, Ave:5541.4
Total Flux:0.35465 W, Flux/Emitted Flux:0.35465, 44082 Incident Rays

Wim?

28800
27000
25200
23400
21600
19800
18000
16200
14400

Y (millimeters)

4 3 2 1 0 -1 -2 -3 -4
X (millimeters)
Min:0.018743, Max:34758, Ave:6131
Total Flux:0.39239 W, Flux/Emitted Flux:0.39239, 46956 Incident Rays

Total - Irradiance Map for Absorbed Flux
Target2 Detector2  Global Coordinates

Leg 1
0.355 watts

Confidential & Proprietary — Lambda Research Corporation
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Conclusion

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

Use the Analysis Tools to Verify Results:
Irradiance/llluminance Maps

3D Irradiance/llluminance Maps

Candela Plots

VvV V V VY

Luminance/Radiance Maps —
Multiple “eye” positions if possible

A\

Photorealistic Rendering

A\

Path Sorting to see ray paths
ETracePro
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Questions & Answers

Thank You!!
Interested in Learning More?

Sign up for a free 30-day trial of TracePro at:
http://lambdares.com/trials

Michael Gauvin
Vice President Sales & Marketing
mgauvin@lambdares.com
+1 520-574-0150

S TracePro
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