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Lightguide Luminaire Features

B Providing a new alternative to general 1llumination

B A light-guide providing high efficient light
extraction and distribution.

B Single-pass design

B No specialized coatings or film layers

B Applications:

General 1llumination

Backlight for display
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Light-Guide Designs

B Two fundamental designs are presented
B Font-surface pattern

Provides mostly forward-directed lighting
® é&

B Back-Surface Patterning

Provides surface normal-directed 1llumination
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Principles of operation

B Each design utilizes surface relief features for light extraction

B Each design leverages both refraction and total-internal
reflection

B Light is injected at one end of the light-guide

B Substantially all the light is extracted from the light-guide in a
single pass

B Output light distribution and uniformity can be controlled

with each design
RPC)Photonics
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Front-Surface Patterned Light-guide

B Light coupled into one end
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Design Rules

B Three limiting equations providing for 100% output coupling
through exit face while maintaining NA preservation or
reduction

40
/ —— Max angle,

alpha=1.3

§ 30 1 — - Min angle, NA=0.5
:U,a Solution Space - - Min anale. NA=0.3
3, for NA=0.5, 0.3, 0.1 gie, NAZE
GDDE 20 \ \ / — - Min angle, NA=0.1
)
2 m critical angle limit,
E NA=0.5
@ A critical angle limit,
2 Or==—1T"_" X NA=0.3

I CE ~ - @ critical angle limit,

<~ . ~ — NA=0.1
,— REC - . ~
0 -~ e ~ n=1.59
0 10 20 30 40 50 60

exit face angle, Og [degrees]
RPCJPhotonics
6 Lightguide Luminaire for General Illumination



Presented at the SPIE 2006 Annual Meeting
San Diego, CA

Front-Side Illumination Examples

B By adjusting the design parameters for a given refractive index and
low input numerical aperture, the output light distribution can be
adjusted between 60 and 90 degrees from the light-guide normal

B Shown are three examples for input NA of 0.1 and three different exit
face angles in a 1.4 index material.

angle

O

59108 66.752 45 571
A T e e et e et et et el BOO7T 4-------- 1rr ——————— booooee- 4,283 1
D S ———— XY TirE R SUUU FENN—S—— o 36,595 |
E T P 4TI -------- -------- 32109 |
- R s P e 40051 J-ooennee T T oo I A R 27522 ]
20854 Ec T3 M 1rr ------- ------- 22,435 |
L T et BETTE 28701 Foeeoeeen -------- ------- 18.345 |
R e A 20028 F-------- ------- ------- 13.761 |
11822 F o 1335 f------- ------- ------- 9174
=1 s A BE7S f---o--- ------- ------- 4567 |

0 - : - - 0 r r r - - T T T T

an 40 50 50 70 30 40 50 B0 70 a0 an 40 50 60 70 a0 a0

deg deg deq
({1
RPCJPhotonics

7 Lightguide Luminaire for General Illumination



Presented at the SPIE 2006 Annual Meeting
San Diego, CA

[1lumination Variations Via
[ight-Guide Geometry Variations

B These variations are
compatible with front-side
patterning and injection
molding processes.

B The limited 1llumination
range of the front-side
designs can be extended by
adjusting the geometry of
the light-guide

RPC)Photonics
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Back-Side Light Guide Principles

B Back-side is patterned with acute-angled features
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Back-Side Light Guide Principles

B Output Angle vs. Riser Angle
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Back-Side Light Guide Principles

B Rays transmitted through the riser must be
recaptured by the prism structure
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Back-Side Light Guide Principles

M Include a Secondary Riser for extreme NA
conditions and efficient tapering of the
lightguide.
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Back-Surface Light-Guide
[llumination Example
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Possible Design Variations for linear ™"
and point sources

B Linear sources can be collimated to reduce their NA

B Point sources can be collimated and extended to smaller
NA line sources

RPC)Photonics
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Manufacturing Alternatives

B [njection molding
B Extrusion

B Roll-to-roll not possible due to back-angled
features

RPC)Photonics
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Summary

B Two new light-guide designs provide:
Efficient illumination

Controlled single-pass light extraction

B Front side design provides 1llumination at
angles greater than 60 degrees to surface
normal

B Back-side design provide 1llumination
substantially parallel to surface normal

RPCJPhotonics
Lightguide Luminaire for General Illumination

16



