
This article was downloaded by: [University of Haifa Library]
On: 09 August 2012, At: 14:42
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl20

Design of White LED Light
Source for Noble LCD Backlight
Module
L. S. Chou a & I-Hsin Lin a
a Department of Electrical Engineering, Yuan Ze
University, Chungli, Taiwan, Republic of China

Version of record first published: 30 Jan 2009

To cite this article: L. S. Chou & I-Hsin Lin (2008): Design of White LED Light Source
for Noble LCD Backlight Module, Molecular Crystals and Liquid Crystals, 495:1, 80/
[432]-96/[448]

To link to this article:  http://dx.doi.org/10.1080/15421400802430497

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages

http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/15421400802430497
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
4:

42
 0

9 
A

ug
us

t 2
01

2 



Design of White LED Light Source for Noble LCD
Backlight Module

L. S. Chou and I-Hsin Lin
Department of Electrical Engineering, Yuan Ze University, Chungli,
Taiwan, Republic of China

A brand new design concept is proposed in this paper. In order to increase the
efficiency of light emission, we develop a new scheme in modulating the light rays
with white LED light sources emitting from the angle side and in improving
design of light guide plate in the backlight module. Results of simulation are
shown. The new scheme does not require the usual tedious procedures in adjusting
the dot patterns on conventional backlight module design processes. As compared
with the current method, the novel design provides much better performance in
brightness, increasing emission efficiency from 53% up to 74%.

Keywords: backlight; concave; corner; led; lightguide

1. INTRODUCTION

Liquid crystal display (LCD) needs external light source to illuminate.
For transmissive type LCD, the light source is in the backside of the
display and the whole set-up is named Back Light Unit (BLU) shown
in Figure 1 for monitor. The BLU composed cold cathode Fluorescent
Lamp (CCFL), Reflector Sheet, Light Guide Plate (LGP), Diffuser
Sheet and Prism Sheet.

Because CCFL contains mercury (Hg), that is prohibited under
environmental protection code, for example, in European Union
(EU) starts form 2010. It becomes necessary to find the replaced light
source for CCFL. Light Emitting Diode (LED) has long life time, low
heat emission and less power consumption, is a good replacement for
CCFL.
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FIGURE 1 BLU for LCD monitor.

FIGURE 2 Light emission efficiency for BLU.

TABLE 1 The optical data for different d

d (mm) Avg. luminous incidence (lux) r.m.s. Luminous flux (lm)

0.25 2697.3 1627 70.78
0.5 2734.6 1657.7 71.7
0.75 2748.2 1678.4 72.1
1 2785.6 1743 73.1
1.25 2775.5 1722.9 72.8
1.5 2832 1756.3 74.3
1.75 2823.5 1790.6 74.1
2 2857.1 1821.4 74.98
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The light emission efficiency through LGP is only 53% shown in
Figure 2. Therefore, a new design for BLU using LED is proposed
and the light emission efficiency is able to increase from 53 to 74%.

The LGP had been extensive studied for CCFL light source [1–12].

FIGURE 3 The structure of LGP with two corner LED light sources and four
reflectors.

FIGURE 4 LGP with concave surface.
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FIGURE 5 Dot pattern.

FIGURE 6 The illuminance map in x-y plane with h¼ 60� and no dot pattern.
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2. DESIGN AND SIMULATION

The structure of LED light source, LGP and reflectors is shown in
Figure 3. A two high power white LEDs is used and placed at opposite
corner of LGP. The corner surface of LGP is cut at different shapes;
inclination angle (h¼ 60�, 45�) and V-cut or R-cut, for light entering
LGP. The LGP is also shaped as concave shown in Figure 3. Four light
reflectors is placed on the edges of LGP to prevent the light leakage.
The simulation software – Trace Pro is used.

FIGURE 7 The illuminance map in z-direction with h¼ 60� and no dot
pattern.
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2.1. Parameters Set Up

LGP has the dimension with long 170 mm, width 130 mm and
thickness 6 mm, and its material is PMMA (Polymethyl Methacrylate)
has index of reflection¼ 1.49. Each LED has luminous flux U¼ 50 lm
and wavelength k¼ 546.1 nm. A 20,000 rays is used for light tracing
in simulation. The direction of light is traveling in x-y direction and
the output of light is in z-direction, a concave surface with a radius
of curvature 200 mm and 2 mm high in on the top of LGP shown in
Figure 4.

FIGURE 8 The illuminance map in z-direction with h¼ 60� and dot pattern.
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FIGURE 9 The illuminance map with h¼ 60�, edge reflectors and dot pattern,
in z-direction.
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The LGP has a dot pattern on the bottom, the dot has a diameter
0.04 mm and separated from dot center to dot center with 0.2 mm
distance shown in Figure 5.

2.2. Simulations

Case 1. LED light entering opposite corner with a surface at inclination
angle (h¼ 60�, 45�).

FIGURE 10 Polar Iso-Candela plot with h ¼ 60�, edge reflectors and dot
pattern.
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In h¼ 60�, the Figure 6 shows the illuminance map on x-y plane
and Figure 7 also shows that there is almost no light emitting from
z-direction.

When LGP with dot pattern, the dot is acting as a scattering
center and destroying the total reflection condition and the light
emitting from z-direction with emission efficiency 53.79% shown in
Figure 8.

FIGURE 11 The illuminance map with h¼ 45�, edge reflectors and dot
pattern, in z-direction.
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FIGURE 12 Polar Iso-Candela plot with h¼ 45�, edge reflectors and dot
pattern.

FIGURE 13 V-cut set-up.
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After adding reflectors, the light emission efficiency increases
to 69.11%. By Figures 9 and 10, the average luminous incidence is
2633.4 lux and its r.m.s value is 1599.6, total luminous flux is 69.11 lm.

If h¼ 45�, the results shown in Figures 11 and 12. The average
luminous incidence is 2612.5 lux and its r.m.s value 1586.9, total
luminous flux is 68.56 lm. The emission efficiency is 68.56%, lower
than h¼ 60�.

Case 2: R-cut and V-cut
The v-cut structure is shown in Figure 13. The LED is located closed
to the cutting edges. In V-cut, the cutting edge is 5 mm� 5 mm, the
emission efficiency is 50.65%. Shown in Figures 14 and 15.

For R-cut structure shown in Figure 16, and the round edge length
is 10 mm. Its illuminance map is shown in Figure 17. The emission

FIGURE 14 The illuminance map for V-cut structure in z-direction.
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FIGURE 15 Polar Iso-Candela plot for V-cut structure.

FIGURE 16 R-cut set-up.
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FIGURE 17 The illuminance map for R-cut structure in z-direction.

FIGURE 18 Polar Iso-Candela plot for R-cut structure.
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efficiency is 69.12% which is better than V-cut structure. From
Figures 15 and 18, it is evidence that the uniformity is better in R-cut.

Case.3: Concave Surface.
The R-cut LGP with d¼ 0.25 mm, the definition of d is shown in
Figure 19, its illuminance map and Polar Iso-Candela plot are shown
in Figures 20 and 21. It is found that the emission efficiency is increas-
ing to 70.78%, which shows the concave surface does have the effect of
increasing light emission from LGP.

In order to find the optimal value for d in the design, an increment
0.25 mm for d value and the result is shown in Table 1. It shows the d
2 mm has the optimal value with avg. luminous incidence 2857.1 lux,
r.m.s 1821.4 and luminous flux 74.98 lm.

Its illuminance map, and Polar Iso-Candela plot is show in
Figures 22 and 23.

FIGURE 19 The configuration of concave surface in LGP.
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FIGURE 20 The illuminance map for R-cut with concave surface.

FIGURE 21 Polar Iso-Candela plot for R-cut structure with concave surface
(d¼ 0.25 mm).
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FIGURE 22 The illuminance map with R-cut and d¼ 2 mm, in z-direction.

FIGURE 23 Polar Iso-Candela plot with d¼ 2 mm.
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CONCLUSION

With two 50 lm LEDs for light source, placed at two opposite corner.
A LGP having R-cut (length 10 mm) for light incidence, a concave
surface (r¼ 200 mm, d¼ 2 mm) on the top, and a dot pattern with
dot radius 0.04 mm, dot to dot distance 0.2 mm at bottom, the back-
light unit has an luminance 2857.1 lux, r.m.s 1821.4 and luminous
flux 74.98 lm is obtained. The emission efficiency has increased from
53% (for CCFL light source) to 74% in this noble design.
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