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Application of UV-LIGA Process on the Fabrication of Light Guide Plate
Stamper
Student Huang Chi Huang Advisors: Dr.D.Y.Huang
Dr.C.C.Huang
Institute of Mold and Die Engineering
National Kaohsiung University of Applied Sciences
ABSTRACT
In TFT- LCD liquid crystal display , the backlight is main alight source, and its
lightness distribution and size are mainly light guide plate to control .There are many
different design on the LGP surface features, such asv cut ditch  micro dot trapezoid
ditch .The features of different shape, its process methods and optic properties are
different. The study first establishes to have light guide plate exploitative techniques of
micro dot features . For adot light guide plate type instance, it uses length (43mm)
wide(30.5mm)  thickness from 1mm to 0.5mm. The forming plastic is optic PMMA.
To divide following several steps:
(1) The UV-LIGA of LIGA-Like processis used to fabricate dot type light guide plate
stamper features and it uses SU-8 thick film photoresist liquid.

(2) The micro electroforming process is used to transform Ni stamper of thickness 0.1



mm and 0.4mm. Moldex 3D mold flow analytic software is beforehand used to
understand plastic in the mold fluid situation and it probably produces plastic defect.
To utilize suitable for stripping mold mechanism and fix Ni stamper manner proceed
mold designs and manufactures.

(3) Precise injection molding proceeds manufacture of light guide plate plastic part

and insertsto fabrication Ni stamper of thickness 0.1 and 0.4(mm) among mold of

design fixed Ni stamper manner .The observation designs fixed Ni stamper manner
whether it is suitable.

(4) The electron microscope and scanning electron microscope(SEM) are used to

observe the dot feature of Ni stamper and injection part, and via backlight module

afterward assembles with six axes radiometry to measure radiance value and
uniform.

Among whole technique exploitation process, this paper will emphasizein UV-LIGA
process discussion , thick film photoresist SU-8 reflows generable fluid situation for dot
shape influence and fixed Ni stamper manner whether it suits below thickness 0.5mm
insert influence of electroforming Ni stamper. By above discussion as related study
basis of referral.

Key Words: LGP UV-LIGA SU-8 reflow micro dot
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m etallic
substrate

¢ ( 1Costing )

PMMA
PR

Mask
mEmE]t:lsranE ¢ @-X'Taf&’ EHPGSUIQ

by
ahsorber

i ( 3.Develop >

¢ G.Elﬁctmf{:rmina

¢ . J.&tnp PR

i C 6 Injection )
10 AR
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2.1 Moldex 3D

2.1.1
Moldex3D
0.05mm 0.05mm
2.1.2
43mMmm (30.)5mm 1mm
0.5mm 2.69(cc)
2.1.3
2.1.4

Rhino
Moldex3D 4

12



KURARAY GH-1000S

14 cm3

PMMA
2.
3.
P-20
4.
Sodick 30EH
262 (MPa)
5.
(1)
= PMMA\GH-1000S(KURARAY)
= 230.00
= 250.00
= 280.00
= 35.00
= 60.00
= 85.00
= 85.00
(2)
=0.13 sec
= 250
= 65
=2.961 CC
=262 Mpa
3)
= 5 sec
=99 %

=262 Mpa

13

PMMA

30(ton)
100(cm3/s)



“®

30 sec

1 sec
85

2.1.5

D

(2)
6 69.7(MPa)

)

252.37 250

(4)
8 271.89

250 21.89

14



D

262(MPa)
30(Ton) 10 46.786
(MPa) YA 4.8515(Ton)
30(Ton)
2)
11
8.11%

9.55%

D

5-10 12
0.088

(2)

15



13

D

(2)

2.1.6

0.728mm

65.471

85

4.787x10°
0.05mm

30(ton)

16

76.365

-1.696x10° 14

0.728mm 15

85



G emetry

M esh

\

Y Y
M derial Pr osc e

| |

Y

A rlysis
l \ 4 Y
X YHot R ault A VT ol

Rep or t
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x10-2 [sec]
- 8.709

8.128
F.548
6.967
6.387
5.806
5.225
4.645
4.064
3.484
2.903
2.322

1.742

1.161
0.581

0.000

=100 [mMPa]
- 6O.667

65.023
60.378
55.734
51.089
46.445
41.800
37.156
32.511
27 867
23.222
18.578

13.933

0.289

4.644

0.000



=100 [oC]
- 252,370

239.879
227387
— 214.896
— 202.405
— 189.913

— 1F7.422

164.931
152.439
139.948
127.457
114.965
102.474
89.983

7491

65.000

=100 [oC]

- 271.890
258.097
244.305

230.512
— 216.719
— 202.927

— 189.134

175.341

161.549

147.756

133.963

120.171

106.378

02.585

F8.793

65.000

19



=100 [oC]
- 21.890

20.431
18.971
— 17.512
— 16.053
— 14.593

— 13.134

11.675

. 10.215
-

| 8.756 p— n

L 7207 1 ~

| 5.837 ‘L—

4,378
2.919
1.459
0.000

=100 [mPa]

- 46.786
I 43.667
40.548

— 37.429

— 34.310
— 31.191
— 28.072
— 24.953
. 21.833
— 18.714
— 15.995

— 12.476

9.357

6.238

3.119

0.000

10

20



=100 [u%]
- g.111

7.582

7.053

§
6.525
5.996
5.467
4.938
4.409
3.881
3.352
2.823 -
N,

2.294

1.765
1.237
0.708

0.179

x10-2 [0C]
- g.800

8.213
F.627
7.040
6.453
5.867
5.280
4.693
4.107
3.520
2.933

2.347

1.760

1.173

0.587

0.000

12



=100 [oC]
- 80.723

F8.544
76.365
74.186
f2.008
69.229
67.650
65.471
63.292
61.113
58.934

56.755

54.577
52.398
50.219

48.040

=%10-9 [mm]
- 4,787

4.355
3.923
3.491
3.059
2.626
2.194
1.762
1.330
0.897 ;|
0.465

0.033

-0.399

-0.832

-1.264

-1.696

14

22



%x10-1 [mm]
- 7.280

6.801
6.322
5.843
5.365
4.886
4.407
3.928
3.449
2.970
2.491

2.012

1.533

1.054

0.575

0.097

15

23



3.1UV-LIGA

LIGA X (0.2-0.6
nm) 100
30 [15] LIGA
LIGA
UV-LIGA LIGA LIGA
UV-LIGA UV-LIGA uv
uv I line(365nm) G line(436nm)
UV-LIGA
(D (Lithography process)
(2) (Micro electroforming process)
(3) (Micro injection molding) (Micro

embossing)

3.1.1
I line G line
Photoresist
Develop
1.
(1)
(CAD)

24



(2)

<1>

(a)

(b)

(c)

(d)

<2>

<3>

[16]

16

(undercut)

(Cr)

200A
S5um

25

(180 )

600~1000A

20um



(D

(2)

3

(crosslinking)

(Swelling)

(Conduction) (Convection)
(Conduction)
(Hot plate)

(Convection)

(Radiation)

26

(Radiation)



(under-exposure)

(Undercut) (over-exposure)
17 18
(D) Contact
19
(2) Proximity
10~20um

(3) Projection

5 10
(4) (Direct writing):

(CAD)

27

22

20

21



(standing wave)
23

(standing wave)

8.
9.
(DI
water)
(DI water)
10 SU-8
SU-8 200
SU-8
PG NMP
/ (350 ) (400-600 ) RIE
PG NMP
SU-8
SU-8

28



3.1.2

24

3.1.2.1

«C ) 8.9 58.69
1.095 / - -0.25V

600
[17]

(1)
(2)
(3)
(4)
(5)

Ni — Ni% +2¢
40H™ —> 2H,0+0, + 46

Ni?" + 2e” — Ni
2H " +2e" > H,

29

1457



3.1.2.2

1.
[17][18]:
D
(2)
[18]:
| t A
W =
z F
W:
l:
t:
A:
Z:
F: 96500
w = w It
W = A
© zF
We
3
2.

[ 1:7]

30

1833

(1



= 100%
or
n = M x100%
| x tx W,
n: (%)
M: )
I: ( )
t: ( )
We « 7/ - )
3.
[17]
5 = |, xtxn xw,
¥ x1000
O : )
Ip: (A/dm2)
t: ( )
n: (%)
[ 19] :
T w
A x F
T (in)
W: «C )
A (in2)
F ( x16.4) 4

31

)]

(5)



3.1.2.3

PH

25

26

3.1.3

32

27



[20]

Micro

CD

28

33

VCD



3.2

30

29



/N

16

17 over-exposure 18 under-exposure

LightA

Optic System

Mask
Photoresist
Substrate

19

Optic System

Mask I

Photoresist
Substrate

20

35



Light

Optic System <::::::::::::::::::::>

Mask

Optic Systenm \\\\\\‘

Photoresist

Substrate

TR IR BURERY

Feagt A RIS

fo—|

.

-
1 _@ %@gg

——e
e
—— e
[RN——-.

A RE
TEE

22

s [l

36

HERETE
il wiiilic

[21]



i l l l

23 [21]

v [a

—|— —_
E|0N OO0 OO0 ?oo

OFF Woltage Current

all

I i
NiE A%

24 [8]

37



0.304

0.203

0.658

0.329

0.681

1.118

0.18

0.0896

1.095

0.730

2.372

1.186

2.452

4.025

0.647

0.324

146

116

351

186

142

110

146

38
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26

27
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-1
.
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i

A

HL

T ]

B
& ap

5%

[22]

28



5 [20]

JI01 35 B
29 [4]

41




30 [4]
6
Chemical Melting Desity
Type . 3
Symbol |Point g/cm
Chromium Cr 1857 7.2
Platinum Pt 1770 21.37
Titanium Ti 1670 4.5
[ron Fe 1536 7.86
Nickel Ni 1457 8.85
Gold Au 1063 19.3
Aluminum Al 660 2.7

42



SU-85

(Micro dot) SU-8
(reflow)
(stamper)
31
4.1 SU-8
4.1.1 SU-8
SU-8 1BM
(1) :  epoxy novolak resin
(2) :  GBL(y -butyrolactone)
(3) :  triaryl sulfonium salt(HSbFe)
SU-8 :
(1) Uv  (350-400nm) I-line(365nm) UV
(2) 1 200um
3)

43



® :

4.1.2 SU-8
SU-85 25 290
5~15um 11lum
32 35~ 39

SU-8
1.

(wafer) 4 P type (100) Test

RCA (Radio Corporation of America,
(1) (DI water): 5
(2) (Acetone): 10
(3) (1PA): 10
(4) (DI water): 30
IPA)
)
(6) (hot plate) 150 5
2.
(wafer)
4 4
, 5

500rpm 5 500rpm 5 1050rpm
30 1050 rpm 7 33

SU-8



1lum

3.

SU-8

SU-8
(glass transition temperature,Tg) 55
Tg
SU-8 65 95
(hot
plate)
65 2
95 5

4.

SU-8 SU-8 I line(365nm)

(350~400nm)
uv (power meter)
(latent pattern)
185mJ/cm2
SU-85

5.

SU-8

(Post exposure bake) PEB

SU-8

45



65 95

65 65

(pattern)

(propylene
glycol monomethyl ether acetate, PGMEA) 1

30

(isopropanol, 1PA)
(DI water)

4.2 SU-8 (reflow)
(reflow)

34 SU-8
SU-8
(glass transition temperature,Tg) 200 Tg
200 SU-8
380 200 ~380

46



200
320
355

230
240

320

4.3

(seed layer)

40

A W N

(Cryo pump)

20

(PEB)

25

(PEB)

(PEB)

500A

65

65

65

95 2
95 5
95 5

(seed layer)

(Rotary pump)

47

(Cryo pump)

10°Torr

(seed layer)



10.
11.
12.
13.

4.4

4.4.

D
(2)
3

C))
€))

(6)
Q)
(8

4.4.

“®

1
(DI water)
10

(DI water)
10

(DI water)

35
(DI water)

(2)

48

3

(D



3 PH
PH PH
H,BO, > H,BO, +H*

PH
4. (LN-MU) -

(LN-MA):
6 ( )

8
4.4.3
9

1.
2.

49



3.PH

4.4.4

D
(2)
3
C))
©))
(6)
Q)
€))

PH

PH PH
PH
PH PH
PH
0.1um
DI water
SU-8
SU-8 SU-8
SU-8
PG DI water
41

50



€))
(10)
(11)
(12)
(13) PH

4.5

stamper)

4.5.1

42
0.5mm

0.5mm

Moldex 3D

0.1mm  0.4mm (N1

C 1515-40-70-60 S

Imm

43

(N1 stamper)

51



4.5.2

46
70mm

4.5.3

KURARAY
96

4.6

44

45
Sodick 30EH V
14 3 262MPa 30ton
10
(PMMA)
GH-1000S 1.199/ 3
92_4%

(LED) (CCFL)

52



1.5V

(LED)

47~ 49
LED
51

52

TracePro

53

LED

50



W oafer —-l—| |

¢ | 1 Coating
¢ CE.UV-E}:PDSILIE)

—=—{i [N N

i <3.Develnp >

I N o N

¢ QReflnw pattexD
¢ G.Evapuxatiun)

FE —y—

M oazk

¢ E.Electmfuxming_)

i 7.8 tiip ]
¢ C B Injection )

FM M 4 . |

31 L T
i i




Substrate Pretreat

Coat g n

St &Be

UV pExe

Pt ¥p we & e

D edop

Rine &pr

32

55




STEP NO|SPIN TIME SEC |SPIN SPEED rpm MODE
1 5 500 0
2 5 500 0
3 5 1050 0
4 30 1050 0
5 10 0 0
6 0 0 9
S
o
=
(] P P
o 1000
o
(%)

750
e
—~ 5060
o
[%)]
250
0 .
0 5 1015202530354045505560
i nt (9me
33
>
34

56




57



38 (a -step)

39 (o)

58



N1 (NH2S03)2 4H20| 430 ~ 470 g/l 450ml/1
NiCl2 6H20 2 ~ 7 g/l 5 g/l
H3BO3 30 ~ 40 g/1 35 g/1
( ) LN-MU 5~ 10 ml/I 7 ml/l
( ) LN-MA 5~ 10 ml/1 1 mi/l
( ) 62A 1~ 3 ml/l 6 ml/l
9
1~20A/dm’ 1A/dm’
1~5A/dm? 2 A/dm?
40~50 47
PH 3.2~4.4 4

59




43 ( )

60



61



10

AC

30tf

400mm

150/300mm

AC

50mm

18mm

16mm

262MPa

14 3

100 3/s

70mm

500 /s

8kg/h

400rpm

230mm

3.7kw

20.5MPa

40L

AC

5 kw

2470*864*1544mm

2200

62







50 LED



(0,0)

52

65



5.1 SU-8

1.
SU-85
11.1um
(&Y
4
2)
)
SU-8
Tg

SU-8

S5~15um
53

SU-8

(glass transition tempera ture,TQ)

60

66

54

55



60 40

(PEB)

PEB

SU-8

1:

(pattern)

55~59

67

1



65
5.2 SU-8 (reflow)
SU-85
(om)
79 80
3276(nt)
83
320 1
85
86
1.
(PEB)
200 20 1
320 5 25
355 2 4
200
SU-8
320 5

3.62um

60
61~
(reflow) ,
(SEM) (reflow) SU-8
a -step( 1 2
0.8855um 81 82
TracePro
3288.4 (nt) 2
LED
84
(reflow)
¢ 10um (reflow)
65 95
1
6 8
20 ~60 66 67

68



: 60 :
355 2
71~ 74
(PEB) SU-8
2.
(PEB) 65 95
230 2 3 4
240 2
75~77 230 4
240 2
250
(reflow)
(reflow)
3.
(PEB) 65 95
320 1 2
79~80 SU-8
1 2
79 70

69

68~ 70
8
SU-8
(PEB)
5
78
5
(reflow)

(PEB)



5.3

PH
95
(N1 stamper)
96

3.34um 97 0.28um

SEM @ 50um~@ 10um 98~ 102
1.

87
2.
88
89
3.
90
89

70



LN-MU

5.4
5.4.1

0.1mm

PH
91
92
(1)
( ) ¢
) « )

( )
SU-8 94

(N1 stamper)

0.1mm

71

PH

93

3

(2)

92

93



103

104
5.4.2
LED(
@ 50um
(PMMA)

3.01um

0.4mm
0.4mm 96
105
)
@ 10um
106~ 110
(a -step)
111 0.33um

72



(1)

280
230~270
250
(2)
0.3mm
)
80MPa
4)
[66]

80

73

85

/s

35~80



€))

30
11
5.5
112
300.1(nt) 80.62(nt)
LED LED
50 26.864%
@ 10um @ 40um
3.01um 0.1mm
LED
@ 40um
12
(1)
(2)
3)
4)
PMMA( )

74



N—HO
i

(wn)ssauyo2 i1yl

OO MANAO

200 300 400 500 600
Lengt h(um)

100

11.1um

53 SU-8

75



55 50um 500 56 4Ppum 500
57 3Wum 500 58 20um 500

59 10um 500

76



61 @ Oum

77



62 @ Oum

63 @O0Oum



64 @ O0Oum

65 @Oum



BSm= 13 =Elax =i HURS WDZXT . ¥mm 15 . 0kV «BOID

6 6 200 20 min SEM

KITRI WDI1l. . EBmm 15 .0kV x800

67 200 60 mi n SEM

6 8 320 5 min SEM

80



69 320 25 min SEM

70 320 60 min SEM

71 355 2hoB6EM

81



73 355 6ho6EM

7 4 355 8hoBEM

82



75 230 2hoOMs




79 320 1 hour oM



Thickness (um)
o = N w
o . = . N . w . ES

80 320 2 hours OM

5 :

; :

5

5

0 100 200 300 400 500

Lengt h(um)

81 SU-8 reflow 1hrs 3.62um

85

600



€
5
- 1
[7p]
nw 08
(D)
[ 06 |
h'4
° 04
e
— 02 r
0 J
0 20 40 60 80 100 120
-02
Len ¢ntf m
82 SU-8 reflow 2hrs 0.8855um
Total - Luminance Mag for Incident Flus
datactar Sumaca 2
nt AT =15 -10 -5 i} =3 1 15 17
=50 -17 5 L1786
S250
S0

Z [millimeters)

17 =15 -10 -5 0 & i i5 17

A meilmeters)
Lumnance Mirct1 221 Wz 32808 4 pb Total FliecD 2423 Im 18431 Incidant Ray's

83 reflow lhrs

86



Tatal - Luminance Map for ncident Fiu
cetactor SwTaoe 2

nt -17 -15 -10 -3 o 3 10 15 17
a5 175 L1765

3250

an

27

25

22

2000

Z (millimeters)

240

=17 -15 =10 =5 1] 5 10 15 17

L {rnimimesters |
Luminzance in:12.0 @ atal FiLocD 84147 Im 18457 Incident Rays

84 reflow 2hrs

85 ¢ 50um reflow SEM

87



SEM

8 6 @Oum reflow

88



89



90



95 stamper

96 stamper



Thickness(um)

I

w

w

N

N

[EEN

-

100

97

98

200

300 400 500
Lengt h(um)
334um

@ O0Oum

92

600



99 @ O0Oum

100 @30um

101 @20um

93



102 ®10um

103 0.1mm

104 0.4mm

94



106 PMMA @ 50um

107 PMMA @ 40um



108 PMMA @ 30um

109 PMMA @ 20um

110 PMMA @ 10um



Thickness (um)

w

N

H

a

N w
\ a \

=
T

0 100 200

300 400

Lengt h(um)

111 PMMA 3.01um
11

250

85 /s
80MPa

7

80

30

97

500

600



LUoRsod X
Lo | o ol
Tl - -~

o010 |BE59.50 |[BE59 &0
[l0z.00|24.05 [[116.40
[l1z.00 |B0O.62 |[l11Z.00
112
12
X Y
1 300.1 23.3 4.7
2 103 23.3 14
3 112 23.3 23.3
4 259.8 14 4.7
5 94.05 14 14
6 80.62 14 23.3
7 259.8 4.7 4.7
8 116.4 4.7 14
9 112 4.7 23.3
159.75
300.1 1 80.62 6
26.864

98

Y Position



(1)
(2)
3)
SU-8
SU-8 (N1 stamper)
2. SU-8 (reflow)
(1) SU-85
(reflow) SU-8 300

(2)SU-8 (reflow)

(PEB)

(reflow)

(reflow)

(3) SU-8 (PEB)
SU-8
(PEB)

(4) Su-8

99



(1)

(2)

3

)]

D

(2)

€))

®

SU-8

(crosslinking)

SU-8
SU-8

0.4mm

100

(reflow)

5% 35

PH

¢ 50~¢ 10um

stamper



)

101
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