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ABSTRACT

A Study on the Luminance and Uniformity Improvement of Light
Guide Panel according to the Scattering Pattern
by Laser processing

So Hee, Park

Advisor : Prof. Yong Jin Shin, Ph.D
Department of Physics

Graduate School of Chosun University

The researched on a light guide panel have been conducted consistently by
industrial manufacturers until now, but the systemic approach on development
of the light guide panel was not provided due to the development for the sake
of mass production. Since the performance of the light guide panel are highly
sensitive to allowable tolerance in fabrication process, restriction on the rigorous
study of the dependency on various variables was given.

As an alternative to improvement of the performance of the light guide
panel, luminance variation by the control of distribution of inner scatterers was
proposed, where the scatterers were implemented in the light guide panel by
using three-dimensional laser processing system.

In this study, the most critical relationship between luminance and the inner
scatterers’ pattern was analyzed according to the designed patterns.

The luminance by the scatterers’ pattern in the light guide panel was not
uniform and mainly concentrated on the part of light entrance.

To overcome this problem, the scatterer’'s patterns, which was fabricated

- Xvii —



with a COy laser during short processing time, were designed for improving
luminance and uniformity. The increase of processing depth in the light guide
panel during the fabrication was proposed, which would result in enhancement
of light extraction efficiency at end of the light guide panel.

In this study, performance of the light guide panel was simulated with
changing inter distance between scatterers and processing depth. From the
results, designed patterns was implemented and the luminance and uniformity
was measured. The core technology in the fabrication was to guarantee the
uniform brightness. From the simulation results, it is conformed that adjustment
of processing depth was necessary to induce uniform light extraction.

The results obtained from simulated light guide panel having corrected
processing depths were used for the fabrication. The measured average
luminance and uniformity was improved by 8 times and 2.5 times than that of
the light guide panel having inner scatterer patterns. The detailed control of
processing conditions offered 15 times and 5 times at the same time. The
utilization of optimized processing conditions such as the processing depth and
the inter—-distances in the scatterer pattern for product manufacture could
provide short processing time and maximized luminance. Reduction of time
consuming in designing scatterer pattern is possible and overall duration from
design to evaluation of fabricated product could shorten effectively.

In addition, the use of simulated conditions in the implementation could
decrease loss in light intensity and improve the performance of the light

extraction.
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Table 1. Symbol and Units of Photonics & Radiometric.

Term Symbol Unit
Power @
Radiant power P W
Luminous power by Im
Intensity 7
Radiant intensity I, W/sr
Luminous intensity 1, cd
Radiance L. W/(srm’)
Luminance L, cd/m’
Irradiance E. W/m'
[luminance E, Ix
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Figure 5. Beam diameter and focus size of Gaussian beam.
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Table 2. Physical properties of laser light source.

Wave | Operation | Pulse energy(]J) Pulse )
Laser ) Typical Use
length mode Typical | High | Duration(sec)
Spot welding,
Pulse 10 300 - o
Hole drilling
Nd:Glass 1.06
. Annealing of
Q-switched 2 50 25107 )
semiconductors
Surface heat
Continuous 10W 100W CW treatment,
Welding, Cutting
Spot welding,
Nd:-YAG 1.06
Normal 1 100 - marking, hole
drilling, trimming
i Annealing of
Q-switched 0.1 1 1.5%107 )
semiconductors
Surface heat
Continuous 300W 600W CW treatment,
CO2 10.6 Welding, Cutting
o Hole drilling,
TEA 2 400 2*%10
Marking
o Spot welding, Hole
Pulse 5 120 5%10
drilling
Ruby 0.694 -
) . Annealing of
Q-switched 1 15 1.5%107

semiconductors
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Table 3. General properties of the PMMA.

Classification Properties
Hue Transparent
Refractive index 1.49
Transmittance 93%
Critical angle 422
Absorption 0.25 %
Tensile Strength 85.4(kg/cm”)
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Figure 19. Photo processed LGP fixed part of the light source use of CO: laser.
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Table 4. Optical properties of white LED.

Manufacturers SEOUL SEMICONDUCTOR Co.
Model HW321A
Color GaN White

Chromaticity coordinate

x=0.31 nm, y=0.31 nm

view angle(20"?) 70°
Thermal Resistance 130 CT/W

Luminous Flux 44 Im

Forward voltage 34V
DC Forward current 30 mA
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Figure 24. Light source module for supply for the light to LGP.
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Table 5. Material properties of the PMMA.

Item Test method Properties Unit
General Specific Gravity ASTM D792 1.19 -
Absorptivity ASTM D570 0.3 %
Reflectance ASTM D542 1.49
Optical Transmittance ASTM D1003 93.0 %
Haze ASTM D1003 0.2 %
Specific Heat cal/em - g - C 0.35
Heat Deflection
Thermal Temperature ASTM D648 T IOO:
Mold Shrinkage ASTM D696 cal/em - g - C 7%10°
Thermal - ¢ 4.5%10 "
Conductivity
Tensile Stress ASTM D638 kgf/cnt 760
Tensile Strain ASTM D638 % 5
Mechanical | Flexural Strength ASTM D970 kef/cr 1200
Flexural Modulus ASTM D970 kgf/cnt 3.3%10*
Rockwell Hardness ASTM D781 2H
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Figure 25. Refractive Index and Wavelength of PMMA.
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(a)

Figure 30. Distance change of plane patterns(depth 0.1 mm); (a)distance 1. 5mm,
(b)distance 2.5 mm, (c)distance 3.5 mm.
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(a)

Figure 31. Distance change of plane patterns(depth 0.3 mm); (a)distance 1.5 mm,
(b)distance 2.5 mm, (c)distance 3.5 mm.
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Figure 33. Distance change of slope patterns(slant 90 %); (a)distance 1.5 mm,
(b)distance 2.5 mm, (c)distance 3.5 mm.
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Figure 34. Slant change of slope patterns(distance 1.5 mm); (a)Slant 50 % about
thickness(3 mm), (b)Slant 70 % about thickness(3 mm), (c)Slant 90 %
about thickness(3 mm).
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Figure 35. Slant change of slope patterns(distance 2.5 mm); (a)Slant 50 % about
thickness(3 mm), (b)Slant 70 % about thickness(3 mm), (c)Slant 90 %
about thickness(3 mm).
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Figure 36. Slant change of slope patterns(distance 3.5 mm); (a)Slant 50 % about
thickness(3 mm), (b)Slant 70 % about thickness(3 mm), (c)Slant 90 %
about thickness(3 mm).
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Table 6. Specifications of CO; laser system.

Model

Synrad HC-20

Wavelength

10.6 /m

Operation Mode

PWM(Pulse Width Modulation)

Max. 17 W
Out Power
Ave. 14 W
Beam Diameter 3 mm
Beam Divergence 4mRad
Beam Expander x2.7

Focus Lens

152.4 mm, f-© lens

Spot Size 120 um
AC 220 V three—phase,
Power Supply
60 Hz, 15 A
Cooling Method Air
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X—axis scan mirror

F-6focal lens

Power meter & carrier

Figure 40. Schematic of CO: laser system include focusing diagram.
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Figure 41. Scattering pattern by CO: laser; (a)image of Optics microscope of
processing scattering patterns (b)side view made by scattering
pattern (c)diagram of LGP made by scattering pattern in case of

the no light source (d)scattering by Laser (e)scattering by LED.
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Table 7. Specifications of luminance measurement setup.

Model Chroma Meter CS-100A
SLR spot colorimeter for measuring
Type light-source and surface luminance

and chromaticity

Measuring angle

10

Optical system

&5mm /2.8 lens ; SLR viewing

system; flare factor less than 1.5%

Angle of view

9° with 1° measurement area

indication

Luminance units

cd/m* or fL

Power source

One 9V battery

Operating temperature/humidity

range

0 to 40C, relative humidity 85% or

less(at 35°C) with no condensation

_73_



Figure 42. Specification of luminance measurement setup.
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Figure 44. The measurement to the average luminance and brightness according
to the depth of plane patterns(distance 1.5 mm) by Simulation;
(a)Depth 0.1 mm, (b)Depth 0.3 mm, (c)Depth 0.5 mm.
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Table 8. The measurement results to the average luminance and brightness

according to the depth of plane patterns(distance 1.5 mm) by

Simulation.

Pattern Depth Average Luminance Uniformity of
shape (mm) (cd/m) brightness (%)

P15 0.1 5714 11.7

P15 0.3 559.4 23.2

P15 0.5 502.2 315
1000 100
900 4 —&— average Luminance (cd/or) a0

& Uniformity of brightness (%)

Average Luminance Cod ity
on
=
1
T
won
L]
Uniformity of brightness (%)

400 - 40

300 el - 30

200 - — L 20

100 e B - 10

0 . ' ' 0
Depth-0.1 Depth-0.3 Depth-0.5

Figure 45. The Comparison of results to the average luminance and brightness
according to the depth of plane patterns(distance 1.5 mm) by

Simulation.
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Figure 46. The measurement to the average luminance and brightness according
to the depth of plane patterns(distance 2.5 mm) by Simulation;
(a)Depth 0.1 mm, (b)Depth 0.3 mm, (c)Depth 0.5 mm.
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Table 9. The measurement results to the average luminance and brightness

according to the depth of plane patterns(distance 2.5 mm) by

Simulation.
Pattern Depth Average Luminance Uniformity of
shape (mm) (cd/m) brightness (%)
P25 0.1 4547 14.0
P25 0.3 536.5 32.7
P25 0.5 458.1 39.1
1000 100
900 4 —&— average Luminance (cd/or) a0

& Uniformity of brightness (%)

Average Luminance Cod ity
on
=
1
T
won
L]
Uniformity of brightness (%)

amwes el ] - 40
300 - = L 30
200 - - 20
[ ]
100 - 10
D i I i D
Depth-0.1 Depth-0.3 Depth-0.5

Figure 47. The Comparison of results to the average luminance and brightness
according to the depth of plane patterns(distance 2.5 mm) by

Simulation.
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Figure 48. The measurement to the average luminance and brightness according
to the depth of plane patterns(distance 35 mm) by Simulation;
(a)Depth 0.1 mm, (b)Depth 0.3 mm, (c)Depth 0.5 mm.
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Table 10. The measurement results to the average luminance and brightness

according to the depth of plane patterns(distance 3.5mm) by

Simulation.

Pattern Depth Average Luminance Uniformity of
shape (mm) (cd/m) brightness (%)
P35 0.1 328.4 19.9
P35 0.3 423.0 35.9
P35 0.5 380.0 36.9
1000 100

500 - —&— average Luminance (cd/or) a0
g 200 -~ & Uniformity of brightness (%) - %
% 700 - L 70 E
& 600 1 L0 £
z 5

= 500 - - 50
E s
= 400 - FAO »
g 300 - s -3 E
@ ~ o
.E 200 H [ S L 20 ‘E
=1

100 - 10

D 1 i 1 D

Depth-0.1 Depth-0.3 Depth-0.5

Figure 49. The Comparison of results to the average luminance and brightness
according to the depth of plane patterns(distance 3.5 mm) by

Simulation.
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Figure 50. The measurement to the average luminance and brightness according
to the distance of plane patterns(depth 0.1 mm) by Simulation;
(a)Distance 1.5 mm, (b)Distance 2.5 mm, (c)Distance 3.5 mm.
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Table 11. The measurement results to the average luminance and brightness

according to the distance of plane patterns(depth 0.1 mm) by

Simulation.

Pattern Distance Average Luminance Uniformity of
shape (mm) (cd/m) brightness (%)
PO.1 15 571.4 11.7
PO.1 25 4547 14.0
PO.1 35 328.4 199
1000 100

900 4 —&— average Luminance (cd/or) a0
- - Unifarmity of brightness (%) )
E 800 - 2 2l g €
E J00 + - 0 E
@ . £
£ 600 - 80 B
= . L 5
E 300 30 =
: 400 40 -\E"
S 300 - 30 E
g -
g 206 ® = £

....................... |
100 - - 10
D 1 i 1 D
Distance-1.5 Distance-2.5 Distance-3.5

Figure 51. The Comparison of results to the average luminance and brightness
according to the distance of plane patterns(depth 0.1 mm) by

Simulation.
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Figure 52. The measurement to the average luminance and brightness according

to the distance of plane patterns(depth 0.3 mm) by Simulation;

(a)Distance 1.5 mm, (b)Distance 2.5 mm, (c)Distance 3.5 mm.
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Table 12. The measurement results to the average luminance and brightness

according to the distance of plane patterns(depth 0.3 mm) by

Simulation.

Pattern Distance Average Luminance Uniformity of
shape (mm) (cd/mr) brightness (%)

P0.3 15 559.4 23.2

P0.3 25 536.5 32.7

P0.3 35 423.0 359
1000 100
900 4 —&— average Luminance (cd/or) a0

& Uniformity of brightness (%)

Average Luminance Cod ity
s on
s 3
1
T
won
L]
Uniformity of brightness (%)

- - 40
——— s ———— = -'
300 o S - 30
200 = L 20
100 - 10
D 1 i 1 D
Distance-1.5 Distance-2.5 Distance-3.5

Figure 53. The Comparison of results to the average luminance and brightness
according to the distance of plane patterns(depth 0.3 mm) by

Simulation.
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Figure 54. The measurement to the average luminance and brightness according

to the distance of plane patterns(depth 0.5 mm) by Simulation;
(a)Distance 1.5 mm, (b)Distance 2.5 mm, (c)Distance 3.5 mm.
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Table 13. The measurement results to the average luminance and brightness

according to the distance of plane patterns(depth 05 mm) by

Simulation.

Pattern Distance Average Luminance Uniformity of
shape (mm) (cd/mr) brightness (%)
P05 15 502.2 315
P0O.5 2.5 458.1 39.1
P0O.5 35 380.0 36.9
1000 100

500 - —&— average Luminance (cd/or) a0
g 200 ~ & Uniformity of brightness (%) || - %
700 - L 70 @
v =}
& 600 1 L0 £
z 5
E 50 1 m0 o
= 400 1 - 40 2
g 300 - -3 E
T =]
F 200 A - 20 §
3

100 - 10

D i I i D

Distance-1.5 Distance-2.5 Distance-3.5

Figure 55. The Comparison of results to the average luminance and brightness
according to the distance of plane patterns(depth 05 mm) by

Simulation.
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Table 14. The measurement results to the average luminance and brightness

according to the distance about depth of plane patterns by

Simulation.

Pattern Type Average Luminance Uniformity of

shape (cd/mr) brightness (%)
P1.5-d0.1 A 5714 11.7
P1.5-d0.3 B 559.4 23.2
P1.5-d0.5 C 502.2 31.5
P2.5-d0.1 D 454.7 14
P2.5-d0.3 E 536.5 32.7
P2.5-d0.5 F 458.1 39.1
P3.5-d0.1 G 3284 19.9
P3.5-d0.3 H 423 359
P3.5-d0.5 I 380 36.9
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Figure 56. The Comparison of results to the average luminance and brightness

by

according to the distance about depth of plane patterns

Simulation.
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Table 15. The measurement results to the average luminance and brightness
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Table 16. The measurement results to the average luminance and brightness

according to the depth of plane patterns(distance 2.5 mm) by laser

processing.
Pattern Depth Average Luminance Uniformity of
shape (mm) (cd/m) brightness (%)
P25 0.1 36.9 20.9
P25 0.3 231.2 33.1
P25 0.5 74.2 37.7
1000 100
200 4 —®— pverage Luminance (cd/an) a0
o —®— Uniformity of brightness (9) )
E a00 4 NIrQraTy o rgniness (*o) I \-P;
= @
= 700 -70 2
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£ . i 5
E 500 50 =
: 400 - 40 2
g 300 30 E
o “
F 200 A L0 £
=]
100 + - 10
D 1 i i D

Depth-0.1 Depth-0.3 Depth-0.5

Figure 58. The Comparison of results to the average luminance and brightness
according to the depth of plane patterns(distance 2.5 mm) by laser

processing.
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Table 17. The measurement results to the average luminance and brightness

according to the depth of plane patterns(distance 3.5 mm) by laser

processing.

Pattern Depth Average Luminance Uniformity of
shape (m) (cd/mf) brightness (%)
P35 0.1 23.4 24.8
P35 0.3 45.9 38.6
P35 0.5 401.8 41.0
1000 100

200 —®— pverage Luminance (cd/or) a0
o~ & Uniformity of brightness (%) E
E 800 = =l gp €
= @
= 700 - 70 g
'li =
£ 600 - 60 B
= , i 5
E 500 50 =
: 400 ) - 40 2
g 300 - - 30 E
@ | o =]
Z 200 - 20 E
=]

100 - 10

0 — I i 0

Depth-0.1 Depth-0.3 Depth-0.5

Figure 59. The Comparison of results to the average luminance and brightness

according to the depth of plane patterns(distance 3.5 mm) by laser

processing.
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Table 18. The measurement results to the average luminance and brightness

according to the distance of plane patterns(depth 0.1 mm) by laser

processing.

Pattern Distance Average Luminance Uniformity of
shape (mm) (cd/mn) brightness (%)
P0.1 15 69.1 12.3
P0.1 2.5 36.9 20.7
P0.1 35 23.4 24.8
1000 100

500 4 —&— average Luminance {cd/an) a0
s - niformity of brightness (%) F
E 800 2 =l a0 T
s @
< 700 -70 @
3 =
E 600 - - 60 ©
£ i i 8
E 500 50 =
: 400 + - 40 "E‘
g 300 - 30 E
= o — memmnem e u D
I 200 4 -_"_‘____'__‘_’__,_..I' L 20 g

100 - L iy

.-—-_._________‘
D 1 ‘Ir . D
Distance-1.5 Distance-2.5 Distance-3.5

Figure 60. The Comparison of results to the average luminance and brightness
according to the distance of plane patterns(depth 0.1 mm) by laser

processing.
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Figure 61. The Comparison of results to the average luminance and brightness

according to the distance of plane patterns(depth 0.3 mm) by laser

processing.
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Table 20. The measurement results to the average luminance and brightness

according to the distance of plane patterns(depth 0.5 mm) by laser

processing.
Pattern Distance Average Luminance Uniformity of
shape (mm) (cd/mr) brightness (%)
P0.5 15 253.6 34.4
P0.5 25 74.2 37.7
P0.5 35 401.8 41.0
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Figure 62. The Comparison of results to the average luminance and brightness

according to the distance of plane patterns(depth 0.5 mm) by laser

processing.
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Table 21. The measurement results to the average luminance and brightness

according to the distance about depth of plane patterns by laser

processing.

Pattern Type Average Luminance Uniformity of

shape (cd/mr) brightness (%)
P1.5-d0.1 A 69.1 12.3
P1.5-d0.3 B 235.0 14.7
P1.5-d0.5 C 253.6 34.4
P2.5-d0.1 D 36.9 20.7
P2.5-d0.3 E 231.2 33.1
P2.5-d0.5 F 74.2 31.7
P3.5-d0.1 G 234 24.8
P3.5-d0.3 H 45.9 38.6
P3.5-d0.5 I 401.8 41.0
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Figure 63. The Comparison of results to the average luminance and brightness

according to the distance about depth of plane patterns by laser

processing.
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Figure 64. The measurement to the average luminance and brightness according

to the distance of slope patterns(90°) by Simulation; (a)Distance 1.5

mm, (b)Distance 2.5 mm, (c)Distance 3.5 mm.
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Table 22. The measurement results to the average luminance and brightness

according to the distance of slope patterns(90°) by Simulation.

Pattern Distance Average Luminance Uniformity of
shape (mm) (cd/mr) brightness (%)
Slope90 15 684.9 83.1
Slope90 2.5 637.0 32.6
Slope90 35 557.1 80.6
1000 100
500 o -9
g E*D‘D n - ety T ] L SD Bf}
w
'E w
< 700 A -7 @
[-F] '
g 600 - \ L0 B
£ i i 8
E 500 50 p
: 400 + - 40 é’
g 300 - -3 E
& (=]
F 200 A _ -20
—®— Average Luminance (cd/ar) S
100 9 |--m Uniformity of brightness (%) el
D 1 i 1 D
Distance-1.5 Distance-2.5 Distance-3.5

Figure 65. The Comparison of results to the average luminance and brightness

according to the distance of slope patterns(90°) by Simulation.
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Table 23. The measurement results to the average luminance and brightness

according to the distance of slope patterns(90°) by laser processing.

Pattern Distance Average Luminance Uniformity of
shape (mm) (cd/mf) brightness (%)
Slope90 15 566.1 53.4
Slope90 2.5 414.4 38.5
Slope90 35 343.0 41.3
1000 100
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- - T, =2
E 800 - - 80 =
w
'E w
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[-F] e
£ 600 - - 60 B
= i i 5
E 500 a0 =
: 400 + - 40 -‘E
g 300 30 E
@ =]
F 200 - _ - 20 E
—®— Average Luminance (cd/an) 5
1007 |--m— Uniformity of brightness (%) i
D 1 i i D
Distance-1.5 Distance-2.5 Distance-3.5

Figure 66. The Comparison of results to the average luminance and brightness

according to the distance of slope patterns(90°) by laser processing.
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Figure 67. The measurement to the average luminance and brightness according

to the distance of slope patterns(50°) by Simulation; (a)Distance 1.5

mm, (b)Distance 2.5 mm, (c)Distance 3.5 mm.

- 113 -



Table 24. The measurement results to the average luminance and brightness

according to the distance of slope patterns(50°) by Simulation.

Pattern Distance Average Luminance Uniformity of
shape (mm) (cd/mr) brightness (%)
Slopeb0 15 644.8 72.9
Slopeb0 2.5 620.9 67.6
Sloped0 35 543.0 39.3
1000 100
00 - g0 -
= )
E 800 - ap =
W
'E o
<= 700 A -70
@ =
£ 600 L 60 B
2] =
2 | = o
E 500 50 =
: 400 § | - 40 2
g 300 30 E
@ o
F 200 A _ 20 E
—®— pverage Luminance (cd/an) 5
100 ]--m-- Uniformity of brightness (%) Feetdd
D i i i D
Distance-1.3 Distance-2.5 Distance-3.5

Figure 68. The Comparison of results to the average luminance and brightness

according to the distance of slope patterns(50°) by Simulation.
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Table 25. The measurement results to the average luminance and brightness

according to the distance of slope patterns(70°) by Simulation.

Pattern Distance Average Luminance Uniformity of
shape (mm) (cd/mu) brightness (%)
Slope70 15 677.3 34.3
Slope70 2.5 590.0 72.5
Slope70 35 533.1 50.9
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Figure 69. The Comparison of results to the average luminance and brightness

according to the distance of slope patterns(70°) by Simulation.
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The measurement to the average luminance and brightness according
to the distance of slope patterns(70°) by Simulation; (a)Distance 1.5

m, (b)Distance 2.5 mm, (c)Distance 3.5 mm.
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Table 26. The measurement results to the average luminance and brightness

according to the distance of slope patterns(50°) by laser processing.

Pattern Distance Average Luminance Uniformity of
shape (mm) (cd/mf) brightness (%)
Slopeb0 15 601.0 7.3
Slopeb0 25 484.1 76.1
Sloped0 35 379.4 84.7
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Figure 71. The Comparison of results to the average luminance and brightness

according to the distance of slope patterns(50°) by laser processing.
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Figure 72. The Comparison of results to the average luminance and brightness

according to the distance of slope patterns(70°) by laser processing.
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Figure 73. The measurement to the average luminance and brightness according
to the slant of slope patterns(distance 1.5mm) by Simulation; (a)Slope
50%, (b)Slope 70%, (c)Slope 90%.
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Table 28. The measurement results to the average luminance and brightness

according to the slant of slope patterns(distance 1.5mm) by Simulation.

Pattern Distance Average Luminance Uniformity of
shape (mm) (cd/mr) brightness (%)
Slopeb0 15 644.8 72.9
Slope70 15 677.3 84.3
Slope90 1.5 684.9 83.1
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Figure 74. The Comparison of results to the average luminance and brightness
according to the slant of slope patterns(distance 1.5 mm) by

Simulation.
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Figure 75. The measurement to the average luminance and brightness according
to the slant of slope patterns(distance 2.5mm) by Simulation; (a)Slope

50%, (b)Slope 70%, (c)Slope 90%.
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Table 29. The measurement results to the average luminance and brightness

according to the slant of slope patterns(distance 25 mm) by

Simulation.
Pattern Distance Average Luminance Uniformity of
shape (mm) (cd/m) brightness (%)
Sloped0 2.5 620.9 67.6
Slope70 25 590.0 725
Slope90 2.5 637.0 82.6
1000 100
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= e
T 800 - i -8 <
E 700 - i -7 =
QL e’
E F00 "—*—-—-—-—_f_.——-—‘——"'r' - 60 B
£ . i 5
E 500 a0 =
= 400 1 F 5
g 300 30 E
] =]
g 200 - . Lo £
—®— Average Luminance (cd/an) 5
100 )@ Uniformity of brightness (%) Feedd
D 1 i i D
Slope-30% Slope-70% Slope-20%

Figure 76. The Comparison of results to the average luminance and brightness

according to the slant of slope patterns(distance 2.5 mm) by

Simulation.
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Figure 77. The measurement to the average luminance and brightness according
to the slant of slope patterns(distance 3.5 mm) by Simulation;(a)Slope

50 %, (b)Slope 70 %, (c)Slope 90 %.
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Table 30. The measurement results to the average luminance and brightness

according to the slant of slope patterns(distance 35 mm) by

Simulation.

Pattern Distance Average Luminance Uniformity of
shape (mm) (cd/m) brightness (%)
Sloped0 35 543.0 39.3
Slope70 35 533.1 50.9
Slope90 35 557.1 80.6
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Figure 78. The Comparison of results to the average luminance and brightness
according to the slant of slope patterns(distance 3.5 mm) by

Simulation.
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Table 31. The measurement results to he average luminance and brightness

according to the slant about distance of slope patterns by

Simulation.
Pattern T Average Luminance Uniformity of
ype
shape (cd/mr) brightness (%)
S50-d1.5 ] 644.8 72.9
S70-d1.5 K 677.3 84.3
S90-d1.5 L 684.9 83.1
S50-d2.5 M 620.9 67.6
S70-d2.5 N 590.0 72.5
S90-d2.5 0] 637.0 82.6
S50-d3.5 P 543.0 39.3
S70-d3.5 Q 533.1 20.9
S90-d3.5 R 557.1 80.6
1000 100
500 -9
E 800 ) %
% 700 L 70 E
£ 600 - - 60 B
£ 2 | 5
E 500 50 <
: 400 A [ - AD 2
g 300 - - 30 E
7 (=]
5 200 : 20 £
—®— Average Luminance (cd/ar) ]
1o —®-—Uniformity of brightness (%) =-10
D i i i i i i i i i D

i K L M M o P Q R

Figure 79. The Comparison of results to the average luminance and brightness
according to the slant about distance of slope patterns by

Simulation.
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Table 32. The measurement results to the average luminance and brightness

according to the slant of slope patterns(distance 1.5 mm) by laser

processing.
Pattern Distance Average Luminance Uniformity of
shape (mm) (cd/mf) brightness (%)
Slopeb0 15 601.0 87.3
Slope70 15 571.2 86.8
Slope90 15 566.1 53.4
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Figure 80. The Comparison of results to the average luminance and brightness
according to the distance of slope patterns(distance 1.5 mm) by laser

processing.
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Table 33. The measurement results to the average luminance and brightness

according to the slant of slope patterns(distance 2.5mm) by laser

processing.
Pattern Distance Average Luminance Uniformity of
shape (mm) (cd/mf) brightness (%)
Sloped0 2.5 484.1 76.1
Slope70 2.5 492.0 71.8
Slope90 2.5 414.4 88.5
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Figure 81. The Comparison of results to the average luminance and brightness
according to the distance of slope patterns(distance 2.5 mm) by laser

processing.

- 130 -



¥ 332 144 25 mz oA rtEE AAEEY] 71er] W g A 24
Ik ¥ 813 o] 71&7] 7F FU el wme Hdd = i
90 %21 4.06°71e71E zE AAHE ] U =T 885 %E E o
2AE A

AR F b Be FARE FAT 4 AN

=4 2

i

et
S

Table 34. The measurement results to the average luminance and brightness

according to the slant of slope patterns(distance 3.5 mm) by laser

processing.
Pattern Distance Average Luminance Uniformity of
shape (mm) (cd/mrt) brightness (%)
Sloped0 35 379.4 84.7
Slope70 35 412.0 76.5
Slope90 35 343.0 41.3
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Figure 82. The Comparison of results to the average luminance and brightness
according to the distance of slope patterns(distance 3.5 mm) by laser

processing.
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Table 35. The measurement results to he average luminance and brightness

according to the slant about distance of slope patterns by laser

processing.
Pattern T Average Luminance Uniformity of
ype
shape (cd/mr) brightness (%)
S50-d1.5 ] 601.0 87.3
S70-d1.5 K 571.2 86.8
S90-d1.5 L 566.1 53.4
S50-d2.5 M 484.1 76.1
S70-d2.5 N 492.0 71.8
S90-d2.5 0] 414.4 88.5
S50-d3.5 P 379.4 4.7
S70-d3.5 Q 412.0 76.5
S90-d3.5 R 343.0 41.3
1000 100
800 4 o -9
= » I_- ! . 2
E 800 i — - 20 :
B o0 - - 70 2
E 600 -60 B
€ 500 - -sp 2
= [=]
= 400 - -4 o
S 300 - 30 E
(=]
E 200 : ey
—8— Average Luminance (cd/ar) s ]
1ol m Uniformity of brightness (%6) 18
D i i i i i i i i i D

J K L M M o P Q R

Figure 83. The Comparison of results to the average luminance and brightness
according to the slant about distance of slope patterns by laser

processing.
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