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Intensified Brightness Backlight for Cellular Phones

OO0O00" Yoshiyasu Ishikawa
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Recent high growth of the telecommunications industry reguires cellular phones and
other telecommunications equipment to have higher function and higher speed
performance.

As a result, liquid crystal displays(LCDs) are shifting to colored and higher pixel
density displays,which further requires the backlight of LCDs to be brighter. We have
analyzed all the problems of the conventional technology,utilizing our original light
diffusion technology in combination with careful design of a high precision reflecting
groove structure, and have established a new backlight technology with high brightness
output. This new backlight technology is expected to be applied to such rapidly growing
equipment as digital cameras and personal digital assistants.
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Fig. 1 Demand forecast for LCDs for
mobile phones
World demand for LCDs for mobile
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Fig. 2 Structure of the backlight unit

The backlight unit to be mounted behind
on LCD consists of a prismatic film,diffusion
film, lightguide, reflection film, all fixed in a
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Table 1 Components of the backlight
This is a general example of the components of the backlight for color mobile phones.
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Fig. 4 Appearance of on LED mounted FPC
LED chips are mounted on an FPC.
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Fig. 5 Change in the brightness of a backlight for color mobile phones and the
number of LEDs mounted on it
Higher brightness is quickly proceeding.
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Fig. 6 Lightguide classification by the
shape of the reflection surface used

Newly developed lightguides adopt
reflection grooves,though dot patterns are
used conventionally.
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Fig. 7 Light paths controlled by reflection grooves

Light from the LED travels inside the lightguide by reflecting between the
holographic pattern and the micro-V-shaped grooves. Light goes out of the
lightguide when its angle becomes less than the critical angle.
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Fig. 8 Bright lines caused by reflection grooves
Brighter lines appear in the transverse direction because reflection grooves
will not scatter light uniformly.
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Fig. 9 Concept of a series of variable pitch
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Variable pitch grooves are adopted
because more light exists around the
entrance area than the end area.
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Fig. 10 Dark spots between LEDs
Dark spots arise betweeen LEDs because
LEDs are point light sources.
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Fig. 11 Concept of the hologram

A particular optical pattern diffuses light from a point source to arthogonally

different angles, for example,60° and 1°.
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(a)Double-prismatic film structure
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(b)Downward-prismatic film structure(uses only one film)
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Fig. 12 Comparison between double-prismatic film structure and downward-

prismatic film structure

Downward-prismatic structure will dispense with the diffusion film and a

prismatic film.
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Table 2 Early specifications

Uniformity = minimum/maximum brightness within the active area (in percent)
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Fig. 13 Appearance of the backlight for downward-prismatic film structure
(only film structure is changed)

Changing only film structure could not resolve bright line and dark spot
problems.
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Fig. 14 (a) Directivity of the LED

Brightness becomes a half at an angle of 60° from the centerline of the LED.
(The brightness at 0° in this case is adopted as 100% in Figs.14(b) and
Fig.14(c))
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Fig. 14 (c) Directivity of the light within the lightguide with an improved optical
pattern at the entrance surface

A holographic pattern at the entrance surface makes light distribution
uniform.

0000000000 0Dooo0oo0o00000000000000

Table 3 Specifications for the newly developed lightguide

Brightness has been improved with maintaining good uniformity compared
with the early specifications(Table2).
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Fig. 14 (b) Directivity of the light within the lightguide
A plane lightguide entrance surface makes the half brightness angle almost
half that of the LED itsself.
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Fig. 15 Comparison of the appearance before (left) and after (right)
improvement

The uniformity of the brightness around the entrance area has been
improved.
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Fig. 16 Specifications for the configuration design free from bright lines
Newly developed technology will arise no bright lines when D is larger than
0.473P. Further study is being made to lower the coefficient.
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