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The structure of the prism sheet and the reflective polarizer sheet in the direct – illumination 
liquid crystal display (LCD) backlight is optimized and fabricated. The apex angle of the prism 
sheet was changed from 90 degree to 96.5 and 101.5 degree and the angular spread of the diffuser 
films attached on the reflective polarizer sheet was changed from 7 to 1.5 degrees. The measured 
view angle, the normal luminance, and the contrast ratio from the optimized backlight unit showed 
improved optical performances.
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I. INTRODUCTION

A liquid crystal display (LCD) is basically composed 
of two parts: the liquid crystal panel and the backlight 
unit (BLU). The BLU of the direct-illumination LCD 
plays an important role in the optical performance of 
the LCD in terms of the luminance, the view angle, 
and the image quality. In addition, the cost of the BLU 
takes a large portion of the total cost of the LCD. So, 
improvement of the optical performance of the BLU is 
important in increasing the competitiveness of the LCD 
with other flat panel displays such as PDP or OLED 
[1-3].

A typical structure of the BLU of the direct-illumi-
nation LCD as shown in Fig. 1 is composed of light 
sources such as cold-cathode fluorescent lamps (CCFL) 
or light emitting diodes (LED) [4], the diffuser plate 
(DP), the diffuser sheet (DS), the prism sheet known 
as the brightness enhancement film (BEF), and the re-
flective polarizer sheet known as the dual brightness 

enhancement film (DBEF). Fig. 2 shows the internal 
structure of the reflective polarizer sheet (DBEF) in-
cluding the core reflective polarizer layer and the dif-
fuser films attached on both sides of the core reflective 
polarizer layer. Fig. 3 shows the measured change of 
the angular luminance profiles when the lights from the 
light source propagate upward passing through the 
optical sheets. The diffuser plate [5-6] protects the light 
sources and the liquid crystal panel by providing a 
mechanical support and also provides sufficient uni-
formity of light by removing the bright lines of CCFLs 
or hot spots of LEDs. The angular luminance profile of 
lights after passing the diffuser plate becomes almost a 
Lambertian distribution. The diffuser sheet that is com-
posed of scattering beads distributed in the transparent 
resin on the top surface of a flexible sheet enhances the 
normal luminance and decreases the view angle or the 
angular luminance width [7-9].

The prism sheet increases the normal luminance about 
30% by reducing the angular luminance width [10-12]. 
Usually a small LCD such as a notebook or a monitor 
needs two crossed prism sheets to achieve the needed 
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FIG. 1. The structure of LCD backlight including the 
diffuser plate, the diffuser sheet, the prism sheet known 
as the brightness enhancement film (BEF), and the re-
flective polarizer known as the dual brightness enhancement 
film (DBEF).

FIG. 2. The internal structure of the reflective polarizer 
sheet showing the core reflective polarizer with diffuser 
films attached on the both sides.

(a)

(b)

FIG. 3. The angular luminance profiles of the LCD 
backlight unit as the light passed through the optical 
sheets composed of the diffuser plate (DP), the diffuser 
sheet (DS), the prism sheet (BEF), and the reflective po-
larizer sheet (DBEF) from the light source. (a) The hori-
zontal angular luminance profile, (b) The vertical angular 
luminance profile.

normal luminance by sacrificing the view angle but the 
direct-illumination LCDs larger than 32 inches in  size, 
use only a single prism sheet for a wider horizontal view 
angle. A typical prism sheet has the apex angle of 90 
degrees and there exist two strong sidelights along the 
vertical direction at the angles of +/- 80 degrees from 
the normal direction as shown in Fig. 4. Fig. 4(a) shows 
the simulation results for the angular luminance profile 
along the horizontal direction and Fig. 4(b) shows the 
measured vertical angular luminance profiles. It is clearly 
shown in Fig.4 that there exist two strong sidelights 
along the vertical direction. Fig. 5 shows how the side-
lights are formed in the prism sheet. There exist three 
groups of rays with different propagation characteristics. 
The first group is the rays entering the prism sheet at 
almost a normal direction. All of these rays are reflected 
after double reflections at the prism and then recycled 
at different incident angles. The second group of rays 
has oblique incidence angles. These rays are refracted 
twice and emerge at a normal direction with an angular 
width of about 60 degrees. The third group of rays has 
very high incidence angles and emerges as the side-
lights at the angle of about 80 degrees from the normal 
direction. There are three issues to be improved in the 
prism sheet: the mechanical weakness, the narrow angular 
width along the vertical direction, and the unnecessary 
sidelights. Among these the second and third problems 
can be improved by modifying the structure of the 
prism sheet and the diffusivity of the reflective polarizer 
sheet.

The reflective polarizer sheet increases the normal lu-
minance as much as 30~40% by polarization - recycling 
of the reflected light. A typical reflective polarizer, which 
is known as the dual brightness enhancement film (DBEF), 
has diffuser films attached on both sides of the core mul-
tilayer reflective polarizer layer to remove the Moire 
fringes between the liquid crystal panel and the prism 
sheet, and also to reduce the sidelights generated from 
the underlying prism sheet. Fig. 6 shows the reduced 
sidelights after passing through the reflective polarizer 
with diffuser films attached on the both sides.

In this paper we studied optimization of the combined 
structure of the prism sheet and the reflective polarizer 
sheet to achieve a higher normal luminance, a wider 
view angle, and a higher contrast ratio. The apex angle 
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(a)                         (b)

FIG. 4. The angular luminance profiles of the prism 
sheet. (a) the angular luminance profile obtained by sim-
ulation; solid line ; horizontal angular luminance profile, 
dashed line ; the vertical angular luminance profile. (b) 
the measured vertical angular luminance profile.

FIG. 5. The three types of light propagation in the prism 
sheet.

FIG. 6. The horizontal (solid line) and vertical (dashed 
line) angular luminance profiles.

of the prism sheet was changed from 90 degrees to 110 
degrees in steps of 4 degrees and also the diffusivity of 
the diffuser films attached on the core multilayer reflec-
tive polarizer was changed. Prototype samples of the 
modified prism sheet with the optimized apex angle and 
the reflective polarizer with an optimized diffusivity were 
fabricated and their normal luminance, view angle, and 
contrast ratio were measured and compared with the 
simulation results.

II. OPTIMIZATION

The apex angle of the prism sheet and the diffusivity 
of the diffuser films attached on both sides of the core 
multilayer reflective polarizer were changed and the con-
dition for the maximum normal luminance and the widest 
view angle were found by simulation of the backlight 
unit. The Light Tools program was used as the simu-
lation tool. A 32” BLU simulation model as shown in 
Fig. 1 was constructed including optical components 
such as the diffuser plate, the diffuser sheet, the prism 
sheet, and the reflective polarizer sheet. The scattering 
characteristics of the diffuser plate and the diffuser sheet 
were assumed to be Lambertian and Gaussian, respec-
tively. The base material of the diffuser plate and the 
diffuser sheet were assumed to be PMMA (polymethy-
lmethacrylate) and PET (polyethylenterephthalate). The 
thicknesses of the diffuser plate and diffuser sheet were 
assumed to be 3 mm and 0.2 mm, respectively. The re-
fractive indices of the diffuser plate and the diffuser sheet 
are 1.49 and 1.59, respectively. The core multilayer po-
larizer of the reflective polarizer was simulated by using 
the library polarizer component in the Light Tools pro-
gram. The reflectivities of the p- and s-polarized light 
were assumed to be 90% and 10%, respectively. Also, it 
was assumed that there was no absorption loss or scat-
tering loss in the core multilayer polarizer. The 18 CCFLs 
were used as the light sources.

The parameters of simulation for the prism sheet and 
the reflective polarizer were the apex angle of the prism 
sheet and the diffusivity of the diffuser films attached 
on both sides of the core multilayer reflective polarizer. 
The scattering characteristics of the diffuser plate and 
the diffuser sheet were not changed. The normal lumi-
nance and the view angle of the direct - illumination 
LCD backlight were obtained from simulation for the 
apex angles of the prism sheet as 90, 94, 98, 102, 106 
degrees.

The bidirectional scattering functions (BSDF) of the 
diffuser films attached on both sides of the reflective 
polarizer were assumed to have the Gaussian scattering 
function as follows:
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, where  is the radiance of the specular reflection,  

is the scattering angle in degrees from the specular di-
rection, and  is the diffusivity of the diffuser film also 
known as the Gaussian spread angle. Fig. 7 shows the 
measured scattering function of the diffuser film and 
the best fit curve was the Gaussian scattering function 
with  degree. In the simulation of the reflective polarizer 
the values used for the diffusivity were 11, 9, 7, 5, 3, 
1 degrees.
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FIG. 7. The measured scattering distribution (solid line) 
and the best fit using the Gaussian scattering function 
with the angular spread 7 deg (dashed line).

(a)

(b)

FIG. 8. (a) The horizontal and vertical view angles and 
(b) the normal luminance change as a function of the apex 
angle of the prism sheet.

For all the combinations of the apex angles and the 
diffusivity values the normal luminance, the horizontal 
view angle, the vertical view angle and the luminance 
of the sidelights were obtained. However, only two values 
of the diffusivity  = 7 and 1.5 degrees were used be-
cause the reflective polarizer with those values were 
available. The reflective polarizer with  = 7 degree is 
the widely used model and the reflective polarizer with 
 = 1.5 degree is the newly developed model in which 
the diffuser films that were attached on both sides of 
the core multilayer polarizer have less scattering. The 
reference values of the normal luminance, the horizontal 
view angle, and the vertical view angle for the standard 
BLU were 7,000 nit (cd/m2) 102 degree, and 77 degree. 
Fig. 8 (a) and (b) shows the change of the view angles 
and the normal luminance as a function of the apex 
angle of the prism sheet. The horizontal and vertical 
view angles increase monotonically as the apex angle 
is increased and the normal luminance shows a peak 
value for the apex angle of 98 degrees. The optimized 
values of the apex angle of the prism sheet and the 
diffusivity of the reflective polarizer were 98 degrees 
and 3 degrees with the result of the normal luminance 
of 7,400nit, the horizontal view angle of 110 degrees, 
and the vertical view angle of 78 degrees. The normal 
luminance went up about 5.7% higher and the horizontal 
view angle was 7.8% wider than for the standard BLU.

III. FABRICATION AND MEASUREMENTS

Two optimized prism sheets with apex angles of 96.5 
and 101.5 degrees and two reflective polarizers with the 
diffusivity  = 7 and 1.5 degrees were fabricated and 
their optical performance in the LCD backlight were 
measured. The reason for the difference between the 

simulation and that of the fabricated samples is due to 
the manufacturing error. Fig. 9 shows the scattering 
distribution of the reflective polarizes DBEF with the 
diffusivities  = 7 and 1.5 degrees. Table 1 shows the 
measured values for the normal luminance and the 
horizontal view angle of the backlight unit for various 
combinations of the standard and optimized prism sheet 
and the reflective polarizer. DP, DS, MBEF1, MBEF2, 
and MDBEF mean the diffuser plate, the diffuser sheet, 
the modified BEF 1 with apex angle 96.5 degrees, the 
modified BEF 2 with the apex angle 101.5 degree, and 
the modified DBEF with diffusivity 1.5 degrees, respec-
tively. When MBEF1 and MBEF 2 were used with the 
current reflective polarizer with the diffusivity  = 7, 
the normal luminance decreased 1.2% and 2.9%, respec-
tively. Both the normal luminance and the view angle 
were increased when both the MBEF and the MDBEF 
were used together instead of the standard prism sheet 
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FIG. 9. The angular spread of the reflective polarizer 
with diffuser films of different diffusivity. The square data 
and circle data show the angular spreads for the diffusivity 

7=σ and 1.5, respectively.

TABLE 1. The change of normal luminance and view angle according to the combination of optical sheets including 
the modified brightness enhancement film (MBEF 1, 2) and the modified dual brightness enhancement film (MDBEF)

Optical Sheet Stack Normal Luminance Difference View Angle Difference 

DP/DS/BEF/DBEF 6938 0 106.5 0 

DP/DS/MBEF1/DBEF 6852 -1.2% 111.6 5.1% 

DP/DS/MBEF2/DBEF 6738 -2.9% 116.7 9.6% 

DP/DS/MBEF1/MDBEF 7267 4.7% 113.1 6.2% 

DP/DS/MBEF2/MDBEF 7118 2.6% 116.2 9.1% 

TABLE 2. The change of normal luminance for white and black mode and the contrast ratio according to the com-
binations of the optical sheets including the modified brightness enhancement film (MBEF 1,2) and the modified dual 
brightness enhancement film (MDBEF)

 White 
luminance

luminance
difference

Black luminance
Contrast Ratio 

(CR)
CR difference

DP/DS/BEF/DBEF 546.3±1.2 0% 0.8 682.9 0%

DP/DS/MBEF1/DBEF 544.9±3.3 -0.3% 0.8 681.1 0.2%

DP/DS/MBEF2/DBEF 547.8±0.8 0.3% 0.8 684.3 0.2%

DP/DS/MBEF1/MDBEF 591.8±2.5 8.3% 0.8 739.9 8.3%

DP/DS/MBEF2/MDBEF 579.1±1.8 6.0% 0.8 723.9 6%

(BEF) and the reflective polarizer (DBEF). The normal 
luminance and the view angle were increased 4.7% and 
6.2%. Comparing these values with the simulation results 
of 5.7% and 7.8% the measurement showed a close 
agreement with the simulation.

Table 2 shows the measured normal luminance and 
the contrast ratio measured above the liquid crystal 
panel for various combinations of the standard and op-
timized prism sheets and reflective polarizers. When both 
the optimized MBEF1 and the MDBEF were used the 
normal luminance was increased 8.3% from 546.3nit to 

591.8nit and also the contrast ratio was increased 8.3% 
from 682.9 to 739.9. It seems that both the normal lu-
minance and the contrast ratio were increased due to the 
less scattering of the modified DBEF.

IV. CONCLUSION

An optimized structure of the prism sheet and a 
modified reflective polarizer with diffuser films with 
less scattering were designed and fabricated. The meas-
ured normal luminance, the view angle, and the contrast 
ratio showed improved performance compared to the 
previous backlight unit. This shows that the optical per-
formance of the LCD can be improved without any ad-
ditional cost. by adopting the optimized prism sheet 
and the reflective polarizer with smaller diffusivity
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