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Abstract: In this study, we prepared silica millbase in organic solvent system and acrylic-based binder to obtain an
organic insulating film with high transmittance and low dielectric constant. Appropriate dispersion medium was chosen,
type of dispersant and amount of dispersant was determined for well-dispersed silica millbase, to prevent silica particles
from agglomerating, and a suitable acrylic-base binder was designed and synthesized. The organic insulating film had
transmittance of at least about 90%, and had a dielectric constant of less than 2. The organic insulating film has potential
application in TFT-LCD as well as other types of display.
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butene(BCB), polynorbornene, polytetrafluoroethylene(PTFE)
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Table 1. Initial Transmittance & Viscosity of Silica Millbase
Containing 20 wt% Silica in Co-solvent

Co-solvent ratio Transmittance Viscosity
(Toluene/PGMEA) (%) (cps)
0/10 34 -
2/8 67 1273
4/6 89 97.6
6/4 84 76.5
8/2 78 66
10/0 65 534
Table 2. Wettability of Dispersants with Silica Millbase &

Primary Particle Size of Silica Millbase Containing 20 wt%
Silica in Co-solvent

Gendsiper Gendsiper Gendsiper Particle
Sample -601 -202 -201 Wetting Size

(%) (%) (%) (nm)
A 0 15 0 X -
B 0 30 0 X
C 2.5 15 0 X -
D 2.5 30 0 (¢] 177.5
E 5 15 0 X -
F 5 30 0 (0] 179.8
G 0 0 15 X -
H 0 0 30 X -
I 25 0 15 0O 138.2
J 2.5 0 30 (0] 1453
K 5 0 15 (¢} 143.8
L 5 0 30 (0] 158.9
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Figure 1. Particle size distribution of sample L, J, K, L after 28 days
storage.
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do= 7] 97 /\]'O] =% 138 nme|t.

OITEA dHIRIHe| &Y. 719 A7t At o] &3t
S8 A|ZHofA /\]‘%Q*E 0}5’-% HRRIE €] 739, AA(acrylic
acid}-} MAA(methacrylic acidyg B15-8F &9 % U COOH
2hg71E ek A TS E3t) o] A9, IH
/\] H]—°h:17} 7FA= carboxylic acid®] 28717} €718 7}

© o) s TR o2 s, wE]Eo] IHS I

ekl %LZDM o] ¥wA] w2
£ Z= O}ﬂa viRIE o] 739 A7t EHAeF &5 Al A
27} YA B A 0= slekakge A SR &
2] "eRS oA lom, o] R It EF Al =
S AR ASE Boli, A7t Ak AR S doFin
o|& Qlall EEH P4 A, =2 FHAA O dETF YA}
o] A E Holjg7t #5H E} Table 39 2] vple] +
ZoA MAAZF X34 & HIE-E 30, 15, 0%= =4 & 7t
Zb J-1, J-2, )32 WH F, S99 viklv o] 54 vEhd
At PE vRIE7F 28l MAA T 9] & H[E9]
oI55 A7t $H o] hdhe S Bt
o]& WA} 38t A& Fal Figure 4 YERA AT
o kA Egle s Q3= sh= TEFT-LCDE 7] dddt
l UoA IR &M A7t At A FHE A
sl= 2 A=, o]& Hekelr] ffal & Aeli= MA(maleic
anhydride)s Z3ete= HRITE F/3sIth MAS] 749 X

H]&-¢] COOH Z-87]

Table 3. Characteristic of Synthetic Acrylic Binder &
Miscibility with Sillica Millbase at Various MA/MAA Monomer
Ratio

Monomer Yield Miscibility
Sample ratio of (%) M, PDI with silica
MA/MAA ° millbase
J-1 0/30 100 4107 2.14 X
J-2 15/15 100 4028  2.33 A
J-3 30/0 100 3976  2.27 (6]

Zgd, A4148 A 1Z, 20173

(a)J-1 (b)J-2

(c)J-3

Figure 4. Microscope images of coated surface containing 1/1 con-
tents weight ratio of binder/silica millbase.
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carboxylic acidll <718k O-H Z|=2E 81 4= Q)t}. Figure
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o =73 O-H I=7} Figure 5 vlaf vil$- 248 & &=
Atk o= MAY] anhydride 28717} th2 SgA|o] 23k
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Figure 5. FTIR spectrum of J-1 acrylic binder with MAA.
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Figure 6. FTIR spectrum of J-3 acrylic binder with MA.

J-3 binder.esp

L°| N
59

T T T T T T T T T T T T T T T T T T
1.0 Chemical Shift (ppm)

Figure 7. '"H NMR spectrum of J-3 binder.

2w 7 SO oste] L& &9l carboxylic acid 2HE-7]
2 7 E S AAFSEE Figure 72 &3t J-3 BRI
B¢l 'H NMR 2 EZ-S g]1si3itt.

Siteato| =tol M= ¥ "It A7t Ak 3]
3 BHIE 30%2] MAAS MAR thAgh )3 vlely =
23 ks ol dRAE E3et S-S 555] mixing
sted f71 A Bheks 91$k A2]7} photoresists Al Z=3F
Atk A 23 photoresist] 220 °C E-of|A 30& &<t &3
3] 733tA31 $o] FAHIE Table 401 HERASATE

AR Eo] Z3Feh= silica®] FEH] o] WE FH=E UV-
spectrometerS ©]-8-5}o] =73} Figure 8 2 Table 59 Y}
ERI AT} Table 5904 ®5o] A& Nanoskku 3, Nanoskku
40] 739, RGB ZjolM W FHEE Ho] AFHES &
Tk f7PAdRel] FARS & 4 Unk. ¥HA, Nanoskku
14 HRHER] g A7E 3] o2 vl ¢} vt
= o]_g_al D}al:x.]] 161-'4 I E] r:ul—oﬂ —6].__ }r_% 1]5_7 L:_%
Bt A1E Nanoskku 29| 73-¢- A& Nanoskku 13} H]3}

Table 4. Basic Composition Ratio of Silica Photoresist after
Post-baking

(unit: %)
Sample Silica contents  J-3 Binder DPHA
Nanoskku 1 30 35 35
Nanoskku 2 33 33 33
Nanoskku 3 40 30 30
Nanoskku 4 50 25 25
200
—— Nanoskku 1
"""" Nanoskku 3
150 Nanoskku 4
—————— Binder
————— Nanoskku 2

N
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.,u,,d,,c«‘-,g.(»,!!’
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Figure 8. Variation of transmittance with wavelength at various sil-
ica contents.

Table 5. Transmittance of Various Silica Resist at Specific
Wavelengths

(unit: %)
Sample Red Green Blue
(700 nm) (546.1 nm) (435.8 nm)
Binder 99.41 99.57 99.31
Nanoskku 1 98.65 98.56 98.24
Nanoskku 2 95.65 95.56 95.24
Nanoskku 3 50.47 40.84 30.19
Nanoskku 4 19.69 18.71 7.19

o 37 ek A7} o] Aol Eslal Fakgo] &
Z 7448190, A1F Nanoskku 32 B]awshd - F-&
oA FASH T 1AL o]Fo S & < AUl o]
= HRIEZE A7t #4F YAl 148 A4 A sl=)
sk A o] SATE ovgitt. dAR o] At
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Figure 9. SEM images of coated surface with (a) Nanoskku 1; (b)
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Figure 10. Variation of dielectric constants with frequency at var-
ious silica contents.
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Figure 11. Variation of loss tangent with frequency at various silica
contents.
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