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Abstract 
It is known that AC electric field to drive IPS 

mode of liquid crystal display (LCD) causes 

reduction of the contrast after long period of 

display operation. Our results are presented in this 

paper on a base of a model of interaction between 

surface of PI alignment film and LC molecules. 

We conclude that the surface viscosity of PI 

alignment film is one of the most important 

factors for the contrast reduction phenomenon. 

1. Introduction 

Among varieties of LCD modes, IPS mode has 

a merit in wider viewing angle property. LC 

molecules in IPS mode are reoriented by means of 

AC driving voltage so that the retardation of the 

incident polarized light from a backlight unit can 

be controlled. The twist direction of the 

reorientation is uniquely determined depending on 

directions of rubbing and electrodes. If alignment 

layers on glass substrates have weak anchoring, 

the continuing twist motion will be memorized as 

irreversible director deviation of LC molecules 

from surface PI alignment. This deviation causes 

quality reduction on the contrast level of the IPS 

mode. 

We examined mechanism of the above memory 

effect in this paper. We measured the black 

brightness for simple test cells having electrodes 

of bending comb teeth shape which was proposed 

by Suzuki, et al. (1) to measure the ‘gliding angle’ 

 for characterization of the memory effect. The 

 depending on the period of AC driving was 

characterized by long continuous measurements. 

2. Experimental 

We prepared bended comb teeth ITO electrodes 

described in Fig. 1. The electrode area was 1cm x 

1cm. Spacing between electrodes was 10 um. We 

set one glass substrate having the bended comb 

teeth ITO electrodes with the other plain substrate 

using column spacer of 3 um height. On both of 

the substrates PI film (Nissan Chem. SE7492, 

1000A thickness) was coated and baked at three 

conditions of 170, 200 and 230 ºC for 30 minutes 

in heat chamber. Rubbing was processed for four 

conditions: pile impression 0.1, 0.2, 0.3, and 

0.4mm. Heat sealant was dispensed and both of 

the glass substrates are assembled by curing under 

mechanical pressure condition in heat chamber for 

5 hours at 160 ºC. Positive mixture LC (Merck 

ZLI4792) was injected into assembled samples in 

vacuum environment. The injection hall was end-

sealed with UV sealant. 
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(upper Fig.2)  depending on pile impression 

during AC driving (bake temperature 230 )

(lower Fig.3)  depending on post bake 

temperature during AC driving (pile impression 

0.1mm) 

Fig. 1 also describes the measurement scheme 

of this work. The black brightness was measured 

with LCD Analyzer (Meiryo Technica LCA-

LU4A10) after driving by AC square electric field 

of amplitude ±5V and frequency 60Hz. We 

obtained the total LC director gliding angle  = 

1+ 2, where 1 and 2 are, as indicated by 

Fig. 1, gliding angles estimated from black 

brightness, respectively, of lower and upper area 

of the bended electrode. The electrodes were 

shunted during the measurement of .

3. Results and Discussion  

Results depending on period of AC driving for 

various pile impression and bake temperature 

conditions are shown in Figs. 2, 3.  We use hour 

(h) as unit of time. 

 Fig. 2 indicates that  depends on the pile 

impression. The pile impression is the distance of 

the shift from the initial LC alignment position of 

rubbing roller to glass substrate. In other words, 

increasing the value of pile impression means that 

rubbing roller and glass substrate are getting 

closer for stronger rubbing.  

In IPS mode, strong rubbing is one of useful 

method to prevent increasing . However in case 

of the pile impression 0.4mm, improvement was 

not obtained compared with 0.3mm. This 

indicates a limit of improvement by means of 

strong rubbing method. 

Fig.3 indicates that  also depends on the post 

bake temperature. “Skipped” condition is for the 

case in which the post bake process was skipped, 

that is, there was no post bake process. It is 

indicated that the post bake process is important to 

prevent increasing . But increasing post bake 

temperature showed saturation of decreasing .

This also shows that there is a limit for 

improvement by means of tuning post bake 

process condition.  

Some papers reported about models of memory 

effect (1-3). For examples, Suzuki et al estimated 

desorption and readsorption between LC molecule 

and PI surface (1). And Yamaguchi et al on TN 

mode insisted the conclusion of the reorientation 

of surface molecule of PVAC (poly vinyl acetate) 

(3).    

Figs. 4 and 5 show the relaxation of  after 

long period (125.4h) of AC driving. It is so 

interesting that decreased, but  didn’t go 

back to zero which was initial position before 

application of AC field. It indicates non-elastic 

deformation that imposes memory on . The 

relaxation time of converging  was typically 

order of 100h.  We expected that this memory 

effect was caused from the conformation change 

of PI surface molecules affected by the torque of 

LC molecule during the AC driving. 

We confirmed that after annealing process in 

condition of 110  and 3h,  approached initial 

zero. It indicates that the memory effect is 

concerned with elastic and non-elastic 

deformation of PI surface. 
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(upper Fig.4) Relaxation of  depending on 

pile impression (bake temperature 230 ).

(lower Fig.5)  Relaxation of  depending on 

post bake temperature (pile impression 

0.1mm). 

PI films mainly have main chain structure 

without network structure. It is reported that the 

surface main chain structure of benzene rings is 

aligned along rubbing direction (4). The LC 

molecule is aligned along rubbed PI surface. Long 

term AC voltage driving cause torque to twist LC 

molecule. We consider that the main factor that 

induces memory effect is visco-elastic 

deformation of aligned PI surface molecules.  

The methods of anchoring strength 

measurement between LC molecules and PI 

surface have been developing for decades. It has 

been considered that strong anchoring between 

LC molecule and PI surface is most important 

factor to improve the IPS contrast problem. 

However, even if the ideal strong anchoring 

would be achieved, torque-induced deformation of 

PI surface would induce the contrast reduction. 

We conclude that the surface visco-elastic 

phenomena of PI alignment film are one of the 

most important factors for the contrast reduction 

problem. 

4. Summary 

In order to improve the contrast decrease of IPS 

mode of long term AC driving, we found that it is 

effective to arrange the condition of rubbing pile 

impression and post bake process. It is also 

expected that the memory phenomenon is caused 

by slight elastic-nonelastic deformation of PI 

surface molecular conformation. 
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