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On the Possibility of Controlling the Surface 
Alignment Properties of Liquid Crystal using the 

Amount of Frictional Work Generated During 
Rubbing 

CHEN NINGa, SUZUKI AKIHIRO", INADA AKIHIROa and 
KATO K O J I ~  

aALPS Electric Co., LTD and 'Faculty of Engineering, Tohoku University 

In order to improve the stability of the rubbing process. the authors have employed a new 
parameter ~ the amount of frictional work W - as a rubbing controlling parameter instead of 
rubbing strength L which bas been used in the past. The applicability of this new parameter to 
control the surface alignment properties of liquid crystal is experimentally confirmed. The 
relationship between surface alignment properties, including anchoring energy (azimuthal 
direction) and pretilt angle, and rubbing condition parameters is investigated. and it is proven 
that by using the amount of frictional work, anchoring energy and pretilt angle under various 
rubbing conditions can be summarized uniformly. It is also shown that differences in anchor- 
ing energy as a result of using different kinds of rubbing cloth can be cancelled by using the 
amount of frictional work as a refcrencc parameter. 

Keywords; Alignment property; Anchoring energy; Pretilt angle: Amount of frictional work; 
rub; rubbing cloth 

1. BACKGROUND ANDPWOS E 

processing technology for liquid crystal surfilce alignment is indispensable in 
the man- of liquid crystal display. Being the most widely applied 
technolosy for mass-produdion of why, the r u b b q  method is a liquid crystal 
alignment technique that utilizes fiction. The advantage ofthe rubbing method is 
that it is possible to process at high speeds and with large areas. Howvex, the 
rubbing method is h m  experience, the guantitatve m m l  of the mbbing 
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process in manufkturing is rarely completed. In order to produce highquality 
liquid crystal displays it is necesary to control the alignment distribution with 
high accuracy. 

Many researchers have mnducted investigations in order to determine the 
cwltroulng parameter in the rubbing process. Uchida"' proposed the parameter of 
rubbing strength L, which is the length that rubbing cloth passes one arbitrary 
point of alignment film during rubbing. Under constant filament indentation 
condiiions, the rubbing strmgth L exhibits a Linear relationship with anchoring 
energy. &too) proposed the parameter of amount of fiictional work W, which is 
able to express all of the rubbing conditions @pression (1)) and present the 
possibility of a correlation with anchoring energy. However in Kato's proposal, 
the amount of frictional work is calculated h m  a filament dehmation model, 
so the real fictional work cannot be obtained because the fiictional m5cient 
generated between the alignment film and rubbing cloth is not gained. 

2wn 
60v 

W = F, X L  = p x F ,  xNI(l+-)  

Here: F,: Frictional force applied to alignment film during rubbing N 
F,: Normal load applied to alignment flm during rubbing N 

L: Rubbkg strength, mm; r: Radius of roller, mm 
n: ROIIH rotation velocity, m i n - I ;  v: Stage feed speed, mmd 
N: Cycles of m b b i  cycle; 1: Contact length, mm 

y : Frictional coefficient 

Based on these praioUs findings, the main pyrpose of this study is to confirm 
that the alignment properties of liquid crystal can be controlled by using the 
amount of frictional work generated during rubbing. 

2. EXPERIMENT A L A P P r n S  AND CONDITIONS 

Figure 1 shorn the detailed photograph of the rubbing machine used in this 
experiment. A feature ofthis particular appanltus is that it can measure the 
n o d  load and tiictiod force applied to an ahgnment film during rubbing in 
real time. From expression (l), the amount of fictional work generated on the 
alignment film during Iubbing can be calalated using measured frictional force. 
Rubbing conditions are shown in the figures for each experiment. 

3. EXPERIMENT AL RESULTS 
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SURFACE ALIGNMENT PROPERTIES ... [435 1]/583 

3- 1, between & T e n t  p r i  0 ~ r t . e ~  a d  r ~ b b i i w a  
The relationships between anchoring energy and each of the rubbing parameters 

were investigated. It can be shorn that anchoring enefgy inaeases with 
increasing the roller W o n  velocity and filament indentation. However, it can 
be shown that anchoring energy decreases with inaeasing stage feed speed. The 
relationships of rubbing parameters to pretilt angle w e ~ e  also investigated. In this 
case, pretilt angle exhibits the same relationships as anchoring energy; increasing 
with roller rotation velocity and filament indentation and decreasing with 
increasing stage feed speed. 

Fig. 1 .  Photograph detailing the parts of rubbing machine 

f frictional work . .  
3-2. Relafion&gbetween a l i w  romes  and amom o 

+*; i 

o i o o x m 3 w 4 w s M 6 o o  
Rmbbbtg s t m y t h  L e ]  

Fig. 2. Relationship between anchoring energy and rubbing strength 
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Figure 2 shows the relationship of anchonng energies obtained under various 
rubbing conditions to rubbing strength. Anchoring energy can be seen to vary 
significantly in respect to rubbing strengh under different filament indentation 
conditions. However, by applying the amount of frictional work, anchoring 
energy can be well modeled for all rubbing conditions (figure 3) 

1 
10 100 1000 1mOo lW000 

h u n t  ofWEtfanrlwork WIx10-2N/m] 

Fig 3 Relationship between anchoring energy and amount of frictional work 

Figure 4 shows the relationship b e e n  @It angle under vanms rubbing 
conditions and the amount of fictional work Pretilt angle appears to be 
proportional to fi-ictional work It can be seen that in order to achieve stable pretilt 
angies, it is necessary to apply sufficient frictional work to the alignment film 

10 
9 

p ( :  
9: 
8 6  

4 3  
E 2  

a 
1 

1 100 1 OOOO 

Amount afGictbaalwrrk W[x10~2N/nt] 

Fig 4 Relationship between pretilt angle and the amount of frictional work 

3-3 Muerlce of rubbii  cloth t - F  on anchoring enemy 
FiLm 5 shows the anchoring energies produced using two kinds of rubbing 

cloths (R-18 and R-18C) under identical rubbing conditions (as shown) It can be 
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SURFACE ALJGNMENT PROPERTIES.. . [4353]/585 

seen that using the R-18C rubbing cloth can produce a higher anchoring energy 
than using R-18, 

1OOari' 5OOlbllll~' 

Fig. 5 .  Influence of rubbing cloth type on anchoring energy 

Figures 6 shows the influence of tubbing cloth type on the normal load and 
frictional forces applied to the alignment film. It can be seen that using R-18C 
produces a larger n o d  load on alignment film than by using R-18 fbr the same 
filament indentation h this figure, the rate of normal load increase with 
increasing filament indentation indicates the relative sb-ength of the rubbing 
cloths. Hence, the relative ssength of R-18C is stronger than R-18 Figure 6 also 
shows that R-18C applies a hightx fiction fbrce on alignment film than R-18. 
For this reason, R- 18C can produce larger anchoring energies than R- 18 

0 0 2  0.4 0.6 oa 
Filament iadentathndlliqnunl 

Fig. 6 Influence of rubbing cloth type on normal load and frictional forces 

4. DISCUSS ION 
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The normal load is applied to the alignment film during rubbing by the 
defbnnation of the filaments in the r u b b q  cloth. In other words, the normal load 
can be considered to be the sum of reactive forces f h m  the defbrmation of s i e  
filamentso'. In this model, a filament can be assumed to be a flexible bm The 
deformation model of this flexible b&' is presented in figure 7. 

Fig. 7 The deformation model of flexible bar(') 

The model in figure 7 has length 4 elastic modulus E, second end face 
moment I and n o d  load q, which is always normal to the free edge of the bar. 
The coordinate system along the bar is shown as s, and the angular displacement 

of s is cp. Thus, the moment that acts on the beam can be shown as 

(2) El(-)= dv qsin(a)(X, -X)+qcos(a)(Y, - Y )  
& 

From analysis of R Frisch-Fay@), the n o d  load q that is applied by the bar in 
the model can be obtained. The vertical pressure P, applied to the alignment 6lm 
can be considered to be the sum of q, and is expressed by 

Here: AM: Filament indentation, mm p : Filament density, 61ament/cm2 

d: F h e n t  diameter, mm E. Elastic modulus, Gpa 
c: constant lp: Filament length, mm 

The normal loads applied to the alignment film by R-18 and R-18C are 
calculated fiom expression (3) and shown in figure 8. For comparison, the 
measured experimental values are also plotted. As can be seen, the values 
calculated h m  expression (3) and the measured values cOrreSpOnd quite closely 
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SIJRFACE ALIGNMENT PROPERTIES ... [43551/587 

Theref6re, expression (3) is efktive for evaluating the relative charac€dcs of 
rubbing cloth. 

050 
045 

2 035 2 030 

F 0.40 c? 

;; 
OD5 
ODD 

I 

0 0.2 OA 06  0s 
Filament 1Hdentation M'qun] 

Fig. 8. Comparison of calculated and measured n o d  load 

It has been shown that the n o d  load appIied to the alignment film during 
rubbing depends on filament diameter, length, density and elastic modulus. In 
particular, the normal load is influenced strongly by the length and diameter of 
the filaments. 

Figure 9 shows the relationship between the anchoring eneqy produced using 
the two rubbq cloths (R-18 and R-18C) and rubbing strength. It can be seen 
that the anchoring enexgies of each rubbing cloth type are well separated in 
reference to rubbing strength. However, by applyq  the amount of 6ictional 
work to the horizontal axis, the difference in anchoring energy due to rubbing 
cloth type can be cancelled ( f i p  10) 

1 10 100 
Rukbjng strsztgtk L[cml 

Fig. 9. Relationship 

energy fbr two 
kinds of rubbing 

R-18C) and 
rubbing strength L. 

between anchoring 

cloth (R-18 and 
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I 0  100 lo00 10000 

Ameunt offrlcttmnlwork W(KlW2Nhn] 

Fig 10 Relationship 
between anchoring 
energy for two kinds 
of rubbing cloth 

and amount of 
fnctional work 

(R-18 and R-18C) 

Therefore, it has been confirmed that using the amount of frictional work W as 
a rubbing controlling parameter is more effxtive than using the rubbing strength 
L 

5.  CONCLUSION 

By using the amount of frictional work, the suhce alignment properties of 
liquid crystal under various rubbing condiiions can be summarized uniformly, 
even for different rubbing cloth types. It has been proven that the amount of 
frictional work a n  be successllly used as a controlling p m e t e r  for the 00nhol 
of the surface alignment properties of liquid crystal 
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