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Design and Optimization of Dot-Pattern for
[Large Scale LED Backlight Unit
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Abstract: Adopting LED as the light source, LCD TV has significant advantages over adop-
ting Cold Cathode Fluorescent Lamp (CCFL). Light guide plate (LGP) with a two-dimen-
sional array of dots scheme is the key to the design of the LED backlight unit (BLU). A
LED BLU with 1. 066 8 m in diagonal and 4 mm in thickness, using incidence structure with
four-side light sources is proposed in this paper. Considering the complexity and time-consu-
ming process of the large scale LGP dot-pattern design, the method of simplified model is in-
troduced which is the simplification of the LGP and the LEDs. The optimization result be-
tween the simplified model and the actual model can be ignored. The LGP luminance uni-
formity reaches up to 90% and the extraction efficiency is around 50%. Adopting the same
method to a BLU with 1.422 4 m in diagonal and the thickness of 3 mm, it also achieved a
good result. The luminance uniformity reaches 85% and the extraction efficiency is
around 50%.
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1 Introduction

Compared with the traditionally Cold Cathode
Fluorescent Lamps (CCFL) as the LCD back-
light source, LED has many unique merits,
except the outstanding advantage in the field of
LED is friendly to the

environment with no toxic substance like mercury

energy conservation.

and it enriches the LCD TV’s color display with
a broader color gamut range. The lifetime of the
LED is up to 100 000 h, and helps prolonging
the lifetime of the LCD TV. The brightness
adjustment range of LED is wide enough to realize
all over light-shade shift control. By using LED
as the light source, the BLU can be made thinner,
so it can achieve the goal of both energy and
space saving. According to the different loca-
tions of the LEDs in BLU, the unit has two
kinds of structure: directlit and edge-lit. In con-
trast to the direct-lit which has LEDs below the
LCD panel, the edge-lit which has LEDs at the
sides of the LGP, is more energy-saving and can be
made thinner in thickness, and it also received a
warm welcome in the LCD TV market in recent
years. Edge-lit BLU design concerns about two
major issues: the extraction efficiency and the
luminance uniformity. Trying to achieve higher
luminance uniformity and lower LGP in thick-
ness, the extraction efficiency declines. The ex-
traction efficiency can be increased by varying
dot-pattern in the LGP. Generally, the LGP
dot-pattern design should bring the extraction
efficiency and the thickness of LGP into conside-
ration.

A simplified model is adopted in order to re-
duce the computational time for optimization and
the model complexity. The dot size and the dot
density were adjusted during the optimization
process to achieve high extraction efficiency and
make sure the dot-pattern is non-overlapping.
After the optimization, replace the simplified
source model with the actual SMD LED model to

verily our assumption. For the 1. 066 8 m in

diagonal and the above size BLLU, using four-side
LED incident structure with the LGP 3 mm in
thickness can achieve high luminance uniformity
and extraction efficiency which satisfy the high
luminance requirement of LCD TV. Compared
to other methods, it can effectively reduce the
optimizing time and the calculation complexity while

achieving high extraction efficiency.

2 Simulations

First we proposed a LGP with the size of
930 mm X524 mm X3 mm and adopted the four-
side LED incident structure, in regard to the
high luminance demand.

The material of LGP is PMMA with refrac-
tive index of 1. 49. The LED simulation model
has an emission angle of 90°, with a radiation
power of 100 Im/W. In order to satisfy the de-
mand of high luminance, the light source in the
wide side is set to 450 Im (contains 45 LEDs,
0.1 W each) and the long side is set to 900 Im.
The total LED power is 54 W,

Because the number of LEDs on each side of
the LGP is large and the distances between the
LEDs are small, it is considered that the LEDs in
the same side of the LGP can be seen as one large
rectangle light source bar. Also, according to the
symmetrical characteristic of LGP, the one fourth
of it is chosen to represent the whole LGP in the
simulation., The above is aimed at reducing the
time of the optimization process and the computa-
tional complexity while achieving high extraction
efficiency. Fig. 1 shows the schematic diagram of
simplified BLLU.

For there must be room for the necessary
LED feedback circuits and other structural parts
on the wide side of the LGP, the wide side light
source is set half the length of that of the long
side.

LGP’s bottom surface is printed with a two-
dimensional array of dots which varied in size
and distribution. These dots usually made of high

reflective index material, such as screen printing
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524 mm

Fig. 1 Schematic diagram of simplified BLU

ink, and it scatters the rays hit on it and some of
the scattering rays can get out of the LGP when
the incidence angle is less than the angle of the
total reflection. Fig. 2 shows the working princi-

ple of LGP with dots.

AN

Fig. 2 Diffusion dots scatter the rays

v

Fig. 3 1/4 LGP dot-pattern with light incident from the

left edge and the bottom edge

The surface of the LGP and Diffuser is set
as Fresnel loss optical surface. We simulate one
fourth of the whole LGP, the right surface and
the top surface of the LGP (as Fig. 3 shows)
must be set as mirror surface with 100% reflec-
tive.

There are two phase in optimizing the LGP
dots. First, set the dots distribution as radial

polynomial and gain higher extraction efficiency

and approximate uniformity. Then incorporate

the dot distribution to the backlight optimization
tool, iterate it until a uniformity above 85% is
achieved. The process of the simulation is shown

in Fig. 4.

Simplified
simulation —>
module

Dot size

Radial Backlight

Polynomial| Jisribution|Optimization

. Actual SMD
Adjustment|{<— LED model

niformity>85% Stop

Fig. 4 Schematic diagram of the optimization flow

The dots are set as circles with 0. 1 mm in
diameter and radial polynomial distribution as
shown in Fig. 5. Similar to the radial distribution
which needs to set the distance in X and Y direction
respectively, radial polynomial needs to adjust the
coefficient of the formula below:

A+ Bi +G* 4 Di’ (D
where 7 is the ring number, counted from the center

and extended to the positive direction.

........ HI

@
S

Fig. 5 Dotpattern in radial polynomial distribution with

light incident from the left edge and the bottom edge

Adjust the distance in X direction, Y direction
and the coefficient B respectively, so as to get
approximate illuminance uniformity and achieve the
extraction efficiency more than 50% at the same
time.

According to the 17-points uniformity measure-
ment method, the minimum illuminance is 116 Ix
and the maximum is 180 1x(Fig. 6). Use the Equa-

tion 2 below, we can calculate the uniformity

U=64%.

Pmin
Pmax

U= X 100% (2)
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Use the extraction efficiency Equation 3, the
efficiency of the module is 77:64%.

I

1 s X100 % (3)

Last computed density- pattern
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The dots distribution from the previous simula-
tion will be incorporated into the backlight optimiza-
tion tool of the optical simulation software. Consi-
dering the dot distance as constant, the dot size is
changed to optimize.

Due to the actual process constraints and the
precision limit, the dot diameters are set no less
than 0. 05 mm. Iterate it from the previous LGP
dot-pattern and set a goal of 85% luminance uni-
formity. The purpose of choosing radial polynomial
is that poor dot distribution will make the iteration
results worse, and the extraction efficiency cannot
be guaranteed. Fig. 7 shows the density map, target
luminance map and luminance result map after the

optimization.

Last acquired mesh data
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Fig. 7 Density map (a), target luminance map (b) and luminance result map (c).
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Fig. 8 Luminance result map

According to the 17-point uniformity measure-
ment method, the maximum luminance is 1 964
cd/m”, and the minimum is 1 770 cd/m?* (Fig. 8).
From the uniformity equation and the efficiency
equation above, we can get U = 90% and

77253%.

The simplified model is replaced with the ac-
tual SMD LED and do the ray-tracing again.

According to the 17-point uniformity mea-
surement method, the maximum luminance is
1 810 cd/m?, and the minimum is 1 615 cd/m?

(Fig. 9). From the uniformity equation and the
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Fig.9 Luminance map using the actual SMD LED as the

light source
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efficiency equation above, we can get U=89% , and
=48%.

Increasing the mesh numbers, it is found
that there is no moiré strip between the LEDs.
Compared with the simplified model the LGP lu-
minance uniformity has no big difference and the
efficiency is a bit lower. So we can conclude that
the simplified model is effective in replacing the

actual model in simulation.

Last computed density pattern

Last acquired mesh target

The same method is applied to a super large
scale LGP with the size 1 260 mm X 696 mm X 3
mm. The light source in the wide side is set to
600 Im in power (equal to 60 LEDs, 0. 1 W
each) and the long side 1 200 Im. Fig. 10 shows
the 1. 422 4 m (56 in) LCD LGP density (a),
target luminance (b), and luminance result (c)
after optimization.

According to the 17-point uniformity measurement

Last acquired mesh data
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Fig. 10 1.422 4 m (56 in) LCD LGP density map (a), target luminance map (b), and luminance result map (c) after
optimization.
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Fig. 11 Luminance result of simplified model Fig. 12 Luminance map using the actual SMD LED as the

method, the maximum luminance is 1 527 cd/m’,
and the minimum is 1 322 c¢d/m*(Fig. 11). From
the uniformity equation and the efficiency equa-
tion above, we can get U=86.6%, and 7=53. 4%.
The simplified model is replaced with the actual
SMD LED and begin ray-tracing.

According to the 17-point uniformity mea-
surement method, the maximum luminance is

1 551 e¢d/m*®, and the minimum is 1 325 cd/m?’
(Fig. 12). From the uniformity equation and the

light source

efficiency equation above, we can get U=85.4% , and
7=53.4%.

The above data indicated that the LGP dot-
pattern optimized using the simplified model is
also suitable with the actual SMD LED model.
The results of luminance uniformity and extrac-
tion efficiency have no big difference., but the
simplified model can effectively reduce the opti-

mizing time,
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. also achieve the goal of a super large scale LGP
3 Conclusions , . L
with a luminance uniformity above 85% , extrac-
The 1. 066 8 m (42 in) and 1.422 4 m (56 tion efficiency around 50% and thickness of 3
in) LCD BLU are proposed using a simplified =~ mm. The method we proposed can effectively re-
model. The actual SMD LED model is applied to duce the time and complexity of BLU design and is
measuring difference which can be ignored in lumi- more reliable in the factory manufacturing.

nance uniformity and extraction efficiency. And we
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