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Abstract: In rubbing process, process factors, the properties of alignment layer and the physical properties
of rubbing cloth have acted as important variables. These factors affect the orientation properties of
the alignment layer by rubbed extent that is determined by rubbing density and rubbing force. In this work,
we studied the effects of rubbing cloths with different pile density and rigidity on rubbing density (length)
and rubbing force. As the pile density and rigidity of rubbing cloths increased, the birefringence and the
surface roughness of the rubbed alignment layers became bigger, but the characteristics of rubbing—effect
had differed each other. The pile density of rubbing cloths which was related with the number of pile, affected
the rubbing density (ength). On the other hand, the pile rigidity of rubbing was closely related to rubbing force
rather than the rubbing density (length).

Keywords: rubbing cloth, alignment layer, pile density, birefringence, rubbing effect.
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Figure 1. Schematic setup of a photoelastic modulator (PEM)
system used for measurement of phase retardation.
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Figure 2. Coating thickness of a back supporting layer for piles
with (a) high; (b) medium; (¢) low dryness.

Figure 3. Pile diameter of rubbing cloths with (a) 2.55 denier
(32000 ea/em?, 40000 ea/cm?); (b) 2.31 denier (47000 ea/cm?,
53000 ea/cm?).



Figure 4. Pile length after applying a constant pressure of 6.125
KkPa for rubbing cloths with pile density of (a) 32000 ea/cm? (b)
40000 ea/cm?; (¢) 47000 ea/cm? (d) 53000 ea/cm®
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Figure 5. Compressive strain—stress curves for rubbing cloths
with various thicknesses of the back supporting layer.

ZRA] T TP T eREe] A9l ZHE ARAL] T
7} S7FEE el S8l wide] EEE Yt EAsisiEd], oA
= ZAAA| Fo] FANETS e A=t SR Aol &gt Aoz
& I Uk Figure 50l et 915 229 strain—stress AZjelA=
ZAA] Fo) FANNTE 9le] et TR 2s AR
Ak
2l SN0 w2 uigiate] M Hal 2y A e 99
shear 88 (stress) of] 2J3l] 124} vljgkate] 22} e FAkEo] efrl
ko 2 wliek(orientation) 514 iz o]of] wle} ePE vjgkke- uA|
st o]iAdg A Hck

Table 12 7golst B3-S 7= eHaze]] SJslod el Erjon=
ljgite] olejst o dS PEM X5 ol83lo] ata o= st
Z4510] B4 (birefringence) & UERA ZAxjo|c} exe] ujely]
o} 9jRle] AT} SRR 2ol olal] Al wieeke] e
Eo] It} oA 1je] Wiee} AT} SRS wiE Yt
AAA wfEdEle] Expt 2w Wiko 2 vigksls nlgo] SRR A
< YeRick

+

il
Au)
o
=)
[
=
o
=)
1o
Bl
ox,
et
)
ok
fol
B
Shs
2

387

Table 1. Birefringence of SE-1691 Layer Rubbed by Various Rubbing
Cloths

Property of rubbing cloth

Pile density Thickness of back Birefringence

(ea/cm?) supporting layer (um)
32000 75 0.0040
40000 75 0.0055
47000 75 0.0062
53000 75 0.0075
40000 75 0.0055
40000 90 0.0068
40000 125 0.0112

Figure 6. AFM surface topography of SE—-1691 layer rubbed
by rubbing cloths with pile density of (a) 32000 ea/cm?®; (b)
40000 ea/cm? (c) 47000 ea/cm? (d) 53000 ea/cm?.

Table 2. AFM Surface Roughness of SE-1691 Layer Rubbed by
Various Rubbing Cloths

Property of rubbing cloth

RM f
Pile density Thickness of back S surface

(ea/cm®) supporting layer (um) roughness (nm)
32000 75 0.735
40000 75 0.758
47000 75 0.761
53000 75 0.770
40000 75 0.758
40000 90 0.809
40000 125 0.897
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Figure 7. AFM surface topography of SE—1691 layers rubbed by rubbing cloths with (a) 75 pm—thick; (b) 100 um—thick; (¢) 125 um—

thick, back supporting layers.
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Table 3. Change in Rubbing Torque (units: Nm) with the Number
of Rubbings for Various Properties of Rubbing Cloth

Pile density Thickness of back
Number of P .

rubbings (ea/cm®) supporting layer (um)

32000 40000 53000 75 90 125

1 8.5 10.5 13.5 105 110 12.0

2 7.5 9.3 10.0 9.3 9.3 9.0

3 7.5 8.8 9.0 8.8 8.7 8.3

4 7.0 8.4 8.5 8.4 8.3 8.0

5 7.0 8.3 8.5 8.3 8.3 8.0

6 6.5 8.3 8.5 8.3 8.3 8.0

7 6.5 8.3 8.5 8.3 8.3 8.0

8 6.0 8.3 8.5 8.3 8.3 8.0

9 6.0 8.3 8.5 8.3 8.3 8.0

10 6.0 8.3 8.5 8.3 8.3 8.0
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