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LED will keep playing an important role in backlight and lighting as its
performance keeps improving.
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Bottom Lighting Backlight

LCD ->
BEF ->
Diffuser -
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Light source:
Special Designed LED (or CCFL)

Applications: Large size LCD TV or monitor




Edge lighting Backlight

LCD
BEF

_>

O = Light guide plate

Light source: LED \ _
(or CCFL) Scattering dots
or pattern

Application: small or medium or Large size LCD display

such as cellular phone, PDA or PC monitors.




Features of good LED backlight

*High luminance
Higher efficiency LED light source

Less loss in light coupling and light extraction

LED is a small light source, some special structures are
needed to solve the problem caused by using it. (example:
v — cut). A/P ration problem.

Uniformity can be improved by suitable arranging the
distribution of scattering pattern.

Needed Angular Distribution (Beam Pattern)
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Some aspects for optical design
and simulation

Design / Simulation

High Efficiency
backlight module

Measurement




Personal view points

Use your simulation tool carefully, it is better to have some
optical principle or reasons which support your design.

Do not try to simulate a structure which is too complicate, or
It IS not easy to obtain useful information due to the tool’s
limitations. (There are some sources of variations or
uncertainties from manufacturing or measurement.)

Specify your target or problem you want to solve, and keep
your simulation connected with experiments or
measurement, even if it is only qualitatively not
guantitatively.




Some Issues

 Non-uniformity

A. Hot-Spot problem
Possible solutions:
Al. Light guiding trench

A2. Connectable LGP

B. AA problem
B1. Light coupling structure
B2. Dots pattern distribution.



Al. Light guiding trench
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A2. Connectable LGP
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LED

Package
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V - cut structure for wider angle
Light coupling structure  distribution of LED
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Dots pattern distribution strategy
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(a) Original structure (b) Dark region correction (c) Better uniformity



Corner Emitting
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High luminance

Surface roughness of scattering dots on the lightguide plate

It is found that smooth (polished) surface can direct
light out of the lightguide more efficiently by total
iInternal reflection (TIR) than rough surface by
scattering. It is worth to make the surface as
smooth as possible.

*Rough surface: printing, etching, sand blasting, etc.

«Smooth surface : Photolithographic+ thermal reflow,
micromaching, Lasers, LIGA, etc.



Slope analysis

Concave spectacular
surface




Rough Surfaces vs. Smooth Surfaces

microstructure

Higher Efficiency!!




Manufacturing the smooth surfaces

1) lithographic fabrication of photoresist cylinders
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2) reflow: photoresist melting F?Otoresist
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3) reactive ion etching into the substrate

e ?'It\j_fan Snszwlg?/vr,_l.]urggn Jahns,2004
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sugstrate material
(e.g., glass)




Electro-forming

X-ray

| L | mask
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Micro Machining

Turning

Milling

Fly-Cutting

Drilling

Grinding
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New problems from smooth surfaces
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(d) Different shapes (d) Better situation (e) Simulation

or orientations
Proceeding in OPT 2005 PG-SA1-23




Needed Anqgular Distribution
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Advantages: Better Directivity and Efficiency.
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Conclusions

« There are many possibilities and chances to improve the
LED backlight’'s and Lighting performance.

* Itis worth to make it cheaper and better for the brighter
future of TFT-LCD and LED Lighting.
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Others issues and open questions

« Any other cheap or quick ways to fabricate
microstructures with smooth surface?

 How thin can a lightguide be?
*Double sides structures for lightguide plate?

» Other shapes or distributions for scattering dots
to improve the performances?

*Special design or package for LED lamp to replace
CCFL in edge or bottom emitting backlight?

Diffractive Optics instead of Geometric Optics?



Thanks for your
attention!

Any difficult problems about
optical designs and
measurement (BLM, LED
Lighting, Headlights etc.) are
welcome.
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