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introduction

 Ferroelectric Liquid Crystal Display(FLCD) has been paid many attentions as a potential display due to its characteristics such as a memory effect and fast response1. Fast response of FLC molecules originates from the coupling of spontaneous polarization with applied electric field. Interactions between FLC and allignment layer in surface-stabilized FLCD make memory effect possible. These features are useful in realizing a large-scale flat display.
THEORY

 As alignment layer of FLC, rubbed polyimide has been widely used. This conventional technique has a very strong point in mass production and it has some weak points such as electrostatic damage to thin film transistor and production of dust in the industrial process. Except for rubbing technique, there are several methods. From the experimental point of view, SiO obliquely evaporated films and Langmuir-Blodgett(LB) films2 seem to be suitable for the alignment of SSFLC, since the anchoring strength of these alignment films has been measured in the nematic phase and estimated to be weak3. The switching behavior of FLC is dependent on the anchoring force of alignment layer4. It was assumed that when the surface anchoring strength is weakened, the surface FLC molecules can switch smoothly to realize uniform switching. From these reasons, polyimide film for LC alignment by LB technique has been studied. 

EXPERIMENTALS

 The Langmuir trough and deposition systems used were KSV 5000(KSV instrument LTD., Finland). Poly (amic acid) used as the precursor of polyimide is pyromellitimide dianhydride(PMDA-ODA). Hexadecyl amine(DMC16, Tokyo Kasei Co.) was attached to poly(amic acid) as alkylamine salt to give a degree of hydrophobicity and form a stable monolayer. N,N’-dimethylformamide(DMF, Tokyo Kasei Co.) was used as a solvent. LB films were built up on ITO(Indium-tin oxide) glass for sample cell. All substrates were cleaned with acetone and chloroform before the use for deposition. The deposition of Poly(amic acid) alkylamine salt(PAAS) on the substrate was performed at the various surface pressure. Curing of PAAS to polyimide was carried out at 300 oC during 1hr. 

 The contact angles of various surface pressures, layer numbers and curing temperatures were measured by G403 Contact Angle Measring System(Marktech Co.). Surface roughness was also investigated by AFM.

 Polyethylene terephtalate(PET) film was inserted between two substrates as a spacer to maintain constant distance between two alignment layers. FLC mixture, ZLI-4654-100 purchaseed from Merck Co., was injected into vacant cell in isotropic phase and cooled smectic phase.
 Spontaneous polarization(Ps) of FLC was measured in practical cell by the triangular method(Miyasato et al., 1983). Symmetric triangular function wave of 10Hz was applied by programmable function generator, HM 8130. The current was measured as the voltage drop across a standard resistor and the signals were recorded into a personal computer via AD converter and HP 5461B oscilloscope. Response time was measured by applying various symmetric square pulse wave. 
RESULTS AND DISCUSSION

 The surface property which means hydrophobicity or hydrophilicity was investigated by measuring contact angles. The measuring temperature was 20 oC and relative humidity was 60%. The contact angle increased as the surface pressures, layer numbers and curing temperatures increased and gradually it was constant(See Figure 1). But, the effects of them were slight. However, in the case of the curing temperature, the polar groups such as oxygen and nitrogen in polyamic acid could be thought to be more exposed on the surface with low degree of the imidization at 200 oC.
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 From AFM pictures, only RMS roughness according to layer number showed the reduction of roughness(See Figure 2). It suggests that only the increase of layer number can get over the original roughness of ITO-glass.
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 The Ps of slowly cooled FLC cells vs. deposition surface pressure are plotted. It shows that Ps increases with surface pressure increase and its difference is clear in the lower applied field and reduces at the higher surface pressure. Low applied field can more easily differentiate the switching behavior of FLC on the different surface condition because high electric field caused so strong switching force on FLC that the switching of FLC is not much different. The Ps at slow cooling generally shows a higher value than that at rapid cooling. It is also consistent with the texture of smectic C phase under a cross-polarized microscope. 
Figure 3. ( ( 5Vp-p ( 6Vp-p ( 7Vp-p ( 8Vp-p ( 9Vp-p ( 10Vp-p ( 15Vp-p ( 20Vp-p )
 This indicates that the alignment of FLC is affected by cooling process and direction of polarization is also dependent on cooling rate5. The thicker cell shows the lower Ps. This is due to the difference of alignment state, in which the alignment state is worse as the thickness of cell increases. In thicker cell molecules have the tendency of winding like bulk state because of weak surface forces.
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 Switching behavior of FLC on the different surface condition, various LB and rubbed PI film, was studied. Response times were measured by the field reversal method6. Its frequency dependence is measured by applying 10 Vp-p square pulse at the room temperature. The value of response time decreased at the high frequency. This results suggest the presence of a depolarization field at the lower frequency, due to the accumulation of excess ions on the interfaces between the FLC medium and the alignment layers7. This residual ionic field lowers the effective field and reduces the switching speed. The switchings of FLC on the LB PI film become faster as surface pressure increase because of the increase of overall Ps. The switching speed is proportional to the inverse of Ps as tr = (/ P(E, where t is switching time, ( cone mode viscosity, P Ps, E electric field. The decrease of slope represents the effect of ionic field on the response time.  The response time decreases proportionally with the electric field and Ps. Remarkable phenomena, however, occurred at the lower voltage. In this region, full switching was not obtained. Some amounts of FLCs are not switched which are more stable that need larger field. It is proposed that the observed response time is that of switched FLC which is more easily switchable to the applied field.
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Figure 1.





Figure 2.





Figure 4. 


( LB(5mN/m) ( LB(15mN/m) 


( LB(25mN/m) ( LB(35mN/m) 








[image: image13.wmf]Layer number

0

1

2

3

4

5

6

7

Roughness(RMS)

22

23

24

25

[image: image14.wmf]surface pressure(mN/m)

0

10

20

30

40

Spontaneous polarization (nC/cm

2

)

1.0

1.5

2.0

2.5

[image: image15.wmf]Cooling rate (

o

C/min)

.1

1

10

100

Spontaneous polarization (nC/cm

2

)

1.2

1.5

1.8

2.1

2.4

2.7

[image: image16.wmf]Thickness(

m

m)

0

2

4

6

8

10

12

14

Spontaneous polarization (nC/cm

2

)

.5

1.0

1.5

2.0

2.5

3.0

[image: image17.wmf]Frequency (Hz)

0

20

40

60

80

100

120

140

Response time (msec)

0

1

2

3

4

[image: image18.wmf]Amplitude of applied voltage(V

p-p

)

2

4

6

8

10

12

14

16

18

20

22

Response time(msec)

0

1

2

3

_954591473

_954592489

_954593651

_964401043.unknown

_954593173

_954592250

_954554031.unknown

_954554238.unknown

_954553832.unknown

