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A simple iterative optimization method is developed to improve the exiting light uniformity of the edge-lit backlight module. The
method uses the relative deviation of the average luminous flux of the entire light guide plate (LGP) and the luminous flux of each
region as constraint criterion and the ratio of the luminous flux of each region to the average luminous flux of the LGP as adjustment
coefficient to adjust the density of the microstructures in each region. This process loops until the relative deviations of all regions
meet a prespecified threshold value. A LGP based on microprism structure is presented to validate the method. The initial values,
which represent the size of the microstructures manufactured on the bottom surfaces of the LGP, 𝑑

0
-dependent luminous fluxes,

microstructure size distributions, iterations of the LGP, and the relative deviation of each region are discussed. The simulation
results show that it is a very practical method for the uniformity improvement of the backlight when an appropriate initial value is
selected and the final uniformity is better than 90% after optimization.

1. Introduction

Liquid crystal display (LCD) is widely used in our life for its
advantages of low cost, low power consumption, no radiation,
lightweight, and high video quality. However, the LCD panel
is not a self-emissive display device; a uniform illumination
backlight is needed to illuminate the LCD panel for image
display. Particularly for small and medium sized LCD panels,
a high performance light guide plate (LGP) is the most
important component of the LCD backlight module. In the
past few years, researchers have made efforts to propose
new structures of LGPs to increase the efficiency of the
LCD backlight module [1–4] or develop useful methods to
improve the uniformity of the backlight. Lee et al. [5] first
used experiments to design the incoupling part of LGP and
then a density based approach with progressive quadratic
response surface modeling was used to optimize the dot
patterns; the uniformity reached 82%.Thismethod requires a
special software package for microstructure optimization. Li
et al. [6] designed a prism-pattern LGP “in a way” first, and
then a curve fitting method was used to further improve the
uniformity of the backlight and the illuminance uniformity

is higher than 90% by using this method. However, before
further optimization, designers need to perform a large
number of optical simulations to get a better distribution of
microstructures using this method. Xu et al. [7] introduced
a neural-network optical model and a genetic algorithm to
achieve excellent luminance uniformity in the exiting light.
However, it requires a lot of repeated optical simulation
to construct the neural-network optical model of LGP.
Kusko et al. [8] proposed an analytical approach for LGP
optimization. Using this method, designers need to perform
complex mathematical derivations. Moreover, the authors
only designed a LGP with a width of 0.1mm; it is unpractical
in real application. Chang and Lee [9] proposed a dot-pattern
generation scheme by using a molecular dynamics method.
However, the dot patterns generated by this method are
randomly distributed on the bottom surface of the LGP; such
dot patterns are difficult to manufacture. Zhao et al. [10]
developed a fuzzy scheme strategy to generate dot patterns for
light guide plate. However, this method includes fuzzification
and defuzzification strategies, and it is somewhat complex
when compared with other methods.
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Figure 1: The microprism LGP used to demonstrate the iterative
method.

Different from the previous works, in this study, we
introduce an iterative method for the uniformity improve-
ment of the edge-lit backlight module.Themethod presented
in this work only employs the relative deviation of the
average luminous flux of the entire LGP and the luminous
flux of each region as constraint criterion and the ratio of
the luminous flux of each region to the average luminous
flux of the LGP as adjustment coefficient to adjust the
density of the microstructures in each region. After a proper
initial value of the microstructures across the entire LGP is
selected, themethod can automatically search for the optimal
microstructure distribution on the bottom surface of LGP.
Comparedwith othermethods, it is simple and does not need
any complex mathematical calculations or a large number of
repetitive trial-and-error processes.

2. Structure of the LGP

Figure 1 shows the structure of an integrated LGP based on
microprism structures [11, 12]. The light source consists of
several LEDs that have been arranged in a line along the
direction of the 𝑥-axis. The front, top, and bottom surfaces
of the LGP are microprism structures. The directions of
the microprisms on the front, top, and bottom surfaces
are, respectively, designed along the directions of the 𝑦-,
𝑧-, and 𝑥-axes of the coordinate system. The microprisms
on the front and top surfaces are designed in constant size
and the size of the microprisms on the bottom surface is
monotonically increasing along the direction of the 𝑧-axis.
The bottom of the LGP is coated with high reflective material
which causes specular reflection; the three side faces contain
reflection sheets which are used to reflect lights back into LGP
and the light emitted from the top surface of the LGP. ℎ and 𝛼
represent the height and apex angle of themicroprisms on the
top of the LGP, respectively. 𝑝, 𝛽, and 𝑑 are the period, apex
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Figure 2:The diagram of the regional partitionmethod for the LGP
and the mechanism of the light rays redirected by microstructures.

angle, and width of themicroprism on the bottom of the LGP,
respectively.

3. The Iterative Method

Based on the design principle of LGP, to achieve uniform
illumination at the light exiting surface of LGP, the density
of the microstructures on the bottom surface of LGP should
increase gradually with the increase of distance from the
light source. However, it is difficult to directly carry out
a mathematical expression for the optimal microstructure
distribution on the bottom surface of LGP by mathemat-
ical derivation method or analytical method because the
microstructure distribution is usually a nonlinear function
for a uniform exiting light. A widely used method for LGP
uniformity optimization is regional partition method; the
method first divides the microstructures on the bottom
surface of LGP into several independent regions and then
uses proper optimization method to adjust the density of
microstructures in each region until uniform illumination is
obtained [5–7, 9, 10].

According to the contents described above, in this study,
the LGP is first divided into 𝑁 equal regions along the light
propagating direction and the density of the microstructures
in each region will be optimized, as shown in Figure 2.
Detectors of these regions are placed above to collect light
rays. Then, we only need to search for a set of density
combinations of themicrostructures in these regions tomake
each region have equal light energy. As long as a sufficient
number of regions are divided, high uniform illumination
can be obtained at the light exiting surface of the LGP.
Figure 2 also shows the possible directions when the total
internal reflection condition of the light rays is damaged by
microstructures in each region. As illustrated in the figure,
the redirected light of a region may fall into the adjacent
region.Thismeans that when themicrostructure’s density of a
region changes, not only the luminous flux of this region, but
also the luminous fluxes of the adjacent regions will change.
So it is difficult to obtain a uniform exiting light by adjusting
the density of the microstructures in each region separately.
In this study, wewill show an iterativemethod used to address
this difficulty.The core idea of thismethod is that the densities
of the microstructures of all regions are iteratively adjusted at
the same time until a set of optimal distributions is reached,
namely, uniform illumination obtained at the light exiting
surface.Detailed design procedure of themethod is described
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in the following. Note that the density of the microstructures
is adjusted by adjusting the size of themicrostructures in each
region.

By using optical simulation software, we could obtain the
total luminous fluxΦtotal of the entire LGP and the luminous
flux Φ

𝑖
(𝑖 = 1, 2, . . . , 𝑁) of each region. Then, the average

luminous flux of the entire LGP can be calculated by

Φave =
Φtotal
𝑁
, (1)

where Φave and 𝑁 represent the average luminous flux
of the LGP and the number of regions, respectively. The
definition of the relative deviation of the luminous flux and
the adjustment coefficient are expressed as

𝛿
𝑖𝑗
=



Φ
𝑖𝑗
− Φave,𝑗

Φave,𝑗



× 100%, (2)

𝑘
𝑖𝑗
=
Φ
𝑖𝑗

Φave,𝑗
, (3)

where 𝛿
𝑖𝑗
and 𝑘

𝑖𝑗
represent the relative deviation of the

luminous flux and the adjustment coefficient which will be
served as constraint criterion and adjustment coefficient to
optimize the LGP, respectively. Note that 𝑖 and 𝑗 represent
the region number and the number of iterations, respectively.
So Φ

𝑖𝑗
, 𝛿
𝑖𝑗
, and 𝑘

𝑖𝑗
represent the luminous flux, relative

deviation, and adjustment coefficient of the ith region in the
jth iteration, respectively, and Φave,𝑗 represents the average
luminous flux of the entire LGP in the jth iteration.

For uniform illumination, the luminous flux of each
region Φ

𝑖𝑗
should approximate the average luminous flux

of LGP Φave,𝑗, and the degree of this approximation can be
represented by the relative deviation 𝛿

𝑖𝑗
shown in (2). When

the relative deviation 𝛿
𝑖𝑗
of a region is greater than a small

preset value, such as 1% used in this study, the microstructure
size 𝑑

𝑖𝑗
of this region will be adjusted by

𝑑
𝑖,𝑗+1
=
𝑑
𝑖𝑗

𝑘
𝑖𝑗

. (4)

Note that (4) implies the following principle: when
a region contains higher luminous flux than the average
luminous flux of the LGP (i.e., 𝑘

𝑖𝑗
> 1), the size of the

microstructures in this region should be adjusted to a smaller
value. In other words, a region contains lower luminous flux
than the average luminous flux of the LGP (i.e., 𝑘

𝑖𝑗
< 1), and

the microstructure size of this region should be increased.
After the size of the microstructures in each region is

calculated by (4), the simulation and computationwill go into
the next iteration. Then, the above operation repeats until
the relative deviations of all regions meet the requirement
(i.e., 𝛿

𝑖𝑗
≤ 1% for all regions). It is worth noting that since

all regions of the LGP are optimized simultaneously, when
the relative deviation 𝛿

𝑖𝑗
of a region is less than or equal to

the threshold value in an iteration, the adjustment coefficient
of this region is set as 𝑘

𝑖𝑗
= 1 for the purpose of keeping

the density of the microstructures in this region unchanged
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Figure 3: The flow chart of the iterative method.

in the next iteration. According to the contents described
above, the design flow chart of the iterative method is shown
in Figure 3. As shown in Figure 3, the iterative process will
terminate in case the following two conditions are met: (1)
the relative deviations of the last two iterations are equal and
(2) the number of iterations reaches the maximum value (i.e.,
the number𝑀 shown in the flow chart).

4. Simulations and Discussions

Based on the design procedure described above, a LGP based
on microprism structure is optimized to demonstrate the
effectiveness of the iterative method. It is a rectangular shape
with 2.5-inch size, and the length, width, and thickness of the
LGP are 60mm, 40mm, and 3mm, respectively. It is made of
PMMAwith a refractive index of 𝑛 = 1.49 and the reflectivity
of the reflective material is 95%. The LGP is divided into 12
equal regions. In order to analyze the performance of this
method, the initial value range of the microprism on the
bottom surface of LGP is set as 𝑑

𝑖0
= (0.05–0.1)mm. The

maximum value of the microprism is 𝑑max = 0.2mm. 𝛽, 𝛾,
𝛼, ℎ, and 𝑝 of the microprism structure shown in Figure 1
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Table 1: Initial values d0-dependent iterations.

Microprism
0.05 0.06 0.07 0.075 0.08 0.09 0.10

Iterations 5 6 7 6 8 14 17

0.05 0.055 0.06 0.065 0.07 0.075 0.08 0.085 0.09 0.095 0.1
0.5

0.55

0.6

0.65

0.7

0.75

0.8
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0.9

0.95
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Figure 4: Initial values 𝑑
0
-dependent luminous flux of the LGP.

are 45∘, 35∘, 100∘, 0.04mm, and 0.2mm, respectively [12].The
maximum number of iterations is 60 (i.e.,𝑀 = 60). The total
luminous flux of the light sources is 100 lm, and 1.3 million
rays were used for simulation.

The initial values 𝑑
0
-dependent luminous flux of the LGP

is shown in Figure 4. One can note that the luminous flux
of the LGP monotonically increases with 𝑑

0
at first, and then

it almost keeps constant after reaching a certain value. The
reason can be explained by Figure 5. From the figure, one can
note that the microstructure distribution curve along with
the distance from the light source obtains a small increment
with a small initial value; therefore, a portion of light rays
cannot couple out from LGP effectively.When one sets initial
values larger than 0.075mm, the size distribution curves were
almost the same, so the corresponding luminous fluxes of the
LGP almost keep constant.

The initial values 𝑑
0
-dependent relative deviations of the

microprism structure LGP are shown in Figure 6. One can
note that when we set initial value of the microprisms greater
than or equal to 0.08mm, the relative deviations of the
regions far away from the light source are larger than the
preset threshold value. This means that when a large initial
value of microprisms is selected, the luminous flux values of
the regions far away from the light source will be too small.

Table 1 shows the corresponding iterations for different
initial values. From the results shown in the table, one can
conclude that the developed iterative method only needs
several iterations for the LGP based onmicroprism structure.

According to the discussions above, we note that
0.075mm is an optimal initial value for a better result. Thus,
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Figure 5: Initial values 𝑑
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-dependent microstructure size distribu-

tion curves.
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-dependent relative deviations.

the nine-point method is used to evaluate the uniformity of
the edge-lit backlight module when the initial value of the
microprisms is 0.075mm. The uniformity is defined as the
ratio of theminimum luminance to themaximum luminance
and is expressed as

𝑈 =
𝐿min
𝐿max
× 100%, (5)
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Figure 7: Irradiance maps before and after optimization of the microprism LGP.

where 𝐿min and 𝐿max represent the minimum luminance
and maximum luminance, respectively, and 𝑈 represents the
uniformity of the backlight. Figure 7 shows the irradiance
maps of the backlight before and after optimization when the
initial value is 0.075mm and the uniformity improves from
39.87% to 91.30%.

5. Conclusion
In this study, we developed a simple iterative optimization
method to improve the illumination uniformity of the edge-
lit backlight module. A 2.5-inch LGP based on microprism
structurewas constructed to demonstrate the feasibility of the
method and the calculation principle of the iterative method
was described in detail. The dependencies of the luminous
fluxes, microstructure density distributions, and the relative
deviations on the initial values were discussed. The result
showed that the final luminance uniformity of the backlight
is better than 90% with a proper initial value.
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