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Photosensitive Column Spacer Materials for Liquid Crystal Display Panels
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Described in this paper are photosensitive column spacer materials used for patterning columnar struc-
tures to control the cell gap of LCD panels. The negative-tone photosensitive materials are comprising
O methOacrylate copolymer, multi-functional acrylic crosslinker, photo-initiator, and organic solvent. The col-
umn spacer patterns are obtained from the coated material film using photolithography on a proximity
aligner with a high pressure mercury lamp, and post-baked to achieve three-dimensional network prear-
ranged in the unique material design. The column spacers are evaluated on a broad range of characteris-
tics. The highly-crosslinked network structure brings several advantages as permanent component; i.e., ex-
cellent chemical resistance, good thermal durability, non-contamination to liquid crystal, and high recovery
ratio of compression property. Also, there exists an obvious relation between lithographic conditions and
compression property, which is affected by pattern size and shape of the column spacer. The obtained col-
umn spacer patterns showed excellent practical reliabilities and good potentials to be successfully utilized
for the cell gap control for high definition TFT-LCD panels.
Keyword: TFT-LCD, photosensitive, column spacer, compression property, cell gap
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Fig. 1 Cross-sectional view of TFT-LCD panel using
bead spacer and column spacer respectively.
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X=H or CH;, R;=crosslinkable group, R?R3= functional groups
Fig. 2 General chemical formula of the host resin,

O meth Cacrylate-based copolymer; Unit B and
Unit D are optional.
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Fig. 3 Process flow diagram of column spacer forma-
tion using photolithography.
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Tablel General physical properties of the film obtained from photosensitive col-

umn spacer materials

Items Common Value | Remarks

Transparency omo Oum thick.,, wavelengthlITTTTTTInm
Pencil Harness OHIOH

Refractive Index o

Volume Resistivity | Ix[TI"CXcm

Dielectric Constant | O fOkHz

Thermal Durability | 10O 0 [Mmin.
O thickness change | [IO 0 Mmin.

ND

NMP, [0 [Mmin. Immersion

Chemical Resistance | ND

IPA, [0 [Mmin. Immersion

0 thickness changel | ND

(0O NaOH, 110 [MJdays. Immersion

ND

(00 HCI, IO [Tdays. Immersion

Indenter
/ Patterned Spacer
(1 Oum([)

glass substrate

Sample stage

Figl#4 Measurement of the elasticity of patterned col-
umn spacer on a dynamic ultra micro hardness
tester.
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Fig. 5 Material concept of photosensitive column spacer

Network Formation

From Matrix Resin

materials and the formed three-dimensional net-
work structure as a consequence.
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Table2 Adhesion properties of the column
spacer patterns on various substrates

Substrates Result
Glass . . ]
. inorganic | no peeling
O Corning LTI
ITO inorganic | no peeling
Over coat material ) ]
organic | no peeling
0 JSR JsSTTO
Alignment layer . .
organic | no peeling
0 JSR ALTTTO
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Fig. 6 Compression properties of column spacer by con-
trolling the crosslinking density.

Table3 Stripper resistance depending on the expected crosslink-

ing density

Polymer

A B Cc

Relative Unit-B Ratio™

o o od

Expected Crosslinking Density

High | Medium Low

Thickness Loss™

omo omo MmO

00O normalized with Polymer-B’s Ratio
00O after stripper (pH-12) treatment at 5000 for 10min
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Table4 VHR Measurement results

Sample Immersion in LC | VHRIIO O
glass substrate with column spacer | o | [0 ,0TTIh oo
glass subsrate o |[O0O,0ITh MmO
LC itself O O mmo

Glass substrate : 30mmx 45mm
Cell gap : 5.5mm
Annealing : 1000 /60min

Mask

Fig. 7 Simulated optical intensity at 10um CD about
various mask gap over the range of 0-300 um.
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Fig. 8 Pattern shape and compression properties of ob-
tained column spacers with mask gap of 100 um
and 300 um, respectively.
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Fig. 9 Cell gap uniformity of model cell using 4.5um
height column spacer patterns.
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