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*Layout notation, X: Convex, V: Concave, F: Front, B: Bottom
**Unit: lumen
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XF 1.48 0.50 34% | XF 2.92 2.34 80%

XB 5.25 5.13 98% | XB 5.69 3.77 66%

VF 2.69 2.09 78% | VF 3.64 3.29 90%

VB 3.79 3.54 93% | VB 6.45 2.92 45%
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XF 1.34 0.52 38% | XF 0.90 0.63 1%
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VF 2.71 2.15 79% | VF 3.48 2.96 85%
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5 60 0.5 70 4.88 4.55 932
6 60 0.7 80 5.15 5.02 97.5
7 70 0.3 80 4.85 4.57 94.3
8 70 0.5 90 5.66 5.28 932
9 70 0.7 70 4.60 4.44 96.6
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4 60 03 90 4.67 4.14 88.6
5 60 05 70 5.22 4.62 88.8
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OPT 70 0.7 80 5.26 5.13 97.7

*Luminous flux within view angle+30°
97%

95%
o 93%
(@]
w 91%

50 60 70 0.3 0.5 0.7 70° 80° 90°

D H/D 0"

Bl 12 Fl4XB3% 3*ECRF]F »c % F
# 5 FH(VB)LY % %3 %

L9 D HD ¢°

Effective flux*  Image flux*  ECR(%)
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3 50 0.7 90 3.84 3.32 86.5
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8 70 0.5 90 4.06 3.59 88.6
9 70 07 70 4.21 3.21 75.0
OPT 70 03 80 3.77 3.54 94.0
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Abstract

This study addresses the feature design configuration
and parameter optimization of the LED edge-lit light
guide plate (LGP) of front light unit panel for high
manufacturability and illuminating contrast. Front light
displays have good readability in bright ambient
environment. A LED light guide is often applied as
auxiliary lighting in dark environment such as bedroom
and aircraft cabin. Front light unit (FLU) only illuminates
the reading surface softly without disturbing neighboring
persons. Although the light guide plate has been widely
used in the backlight module (BLM) of a liquid crystal
display (LCD), the optical design for FLU is different
from the design requirements for BLM light guides. The
function of light guide plate is to distribute the edge-light
source into a uniform surface light. Part of the light
source directed by the FLU will illuminate the reading
surface before refracting out of LGP, which is called the
image flux. The light refracted out of LGP directly
without reflecting from the media will cause the glare of
the reader. This study defines the effective contrast ratio
(ECR) as the percentage of image illuminating flux in the
total luminous flux within the £30° viewing angle. ECR
is used as an objective function for optimal design of the
microfeatures configuration in FLU. The literature about
the design of the LGP of FLU is very limited. A good
LGP design with a high illuminating contrast ratio is an
important issue in front light displays. This study
compares the feature configuration and parameter design
of different microstructures which could be concave or
convex deployed on the emitting or the bottom surface of
LGP for a better ECR. TracePro is used to simulate the
optical performance of various designs. Most literatures
adopted convex features arranged on the bottom surface
to provide single-sided light emission, which is
consistent with our analysis result. However, convex
features are liable to assembly damage. The study
suggests the design of concave cylinder distributed on the
bottom surface as an alternative which also provides a
comparable ECR. Taguchi method is applied to obtain the
parameter design with optimal ECR. To verify the
feasibility of the design, this study applies PDMS
molding process from a SU8 master to fabricate a
prototype FLU for the proposed design. The preliminary
tests demonstrates excellent transparency and uniform
illumination of the light guide plate, which verifies the
feasibility as an auxiliary lighting of front light displays.

Keywords: Edge-lit reading panel, Front light unit,
LGP, Effective contrast ratio, luminance uniformity
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