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C rysta Is 
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Liquid 

RICHARD W. GURTLER and JACK W. CASEY 

Motorola, lnc.. Phoenix, Arizona 

(Received June 27, 1975; in jna l  form March 19, 1976) 

The dielectric axes of surface molecules in a homogeneously aligned, nematic liquid crystal cell, 
have characteristic non-zero tilt orientations, S O ,  with respect to the bounding surface. An experi- 
mental technique is described which allows direct measurement of the average value of 60, 
(60). as well as the distribution about (SO) over a finite surface area. A theoretical treatment 
of threshold behavior of a homogeneously aligned cell with a surface ti l t  boundary condition in 
the presence of a vertical electric field and a non-vertical magnetic field is presented which allows 
the quantitative interpretation of the experimental measurements. "Good" surfaces utilizing 
conventional rubbing techniques have sharp Gaussian distributions which are characteristic of 
the type of liquid crystal. surface composition and orientation technique. This procedure leads 
to a useful. quantitative technique to evaluate processing and orientation techniques as well as a 
means to study surface phenomena. 

In order to capitalize fully on the unique and profound electro-optical pro- 
perties of liquid crystals for display purposes, it is usually necessary to obtain 
thin layers of the liquid crystal in which the director axis is uniform or slowly 
changing in a prescribed manner. No abrupt changes in director axis are 
desired since such changes produce undesirable optical effects when un- 
controlled. For example, for twisted nematic devices the well known' 90" 
helical twist orientation is desired where both the upper and lower surfaces 
of the layer are homogeneously aligned, but are rotated 90°, or nearly 90", 
from each other. Due to aligning intermolecular forces, the layer assumes a 
helical twist. 

Reducing the above to practice, however, has been somewhat of a problem 
for various reasons. Although it is easy to induce homogeneous alignment 
on pieces of glass by simply rubbing the glass in a uniform direction with 
almost anything in reach, it is another thing to produce almost perfectly 
homogeneous surfaces on multimaterial surfaces such as In-Sn-0 strips on 
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276 R. W. GURTLER AND J. W. CASEY 

glass, or metal-glass surfaces, and it is also difficult to find techniques which 
can perform well after subsequent high temperature processing or possibly 
chemical processing. Consequently a great deal of effort has been expended 
towards the obtaining of “hard” homogeneous surfaces capable of with- 
standing moderate to extreme temperatures (100”-500”C) together with being 
cost effective in a production environment. 

In response to these needs, various techniques have been developed for 
achieving good quality homogeneous surfaces of various degrees of effective- 
ness. These techniques include the old “rubbing with lens paper,” diamond 
polishing, utilization of chemical surfactants and high angle evaporation of 
metals and oxides onto the surface producing an inherent asymmetry at the 
surface for alignment purposes. 

Testing of these surfaces is relatively straightforward: One fabricates test 
surfaces using some experimental technique and introduces a liquid crystal 
between two such plates in the proper manner and then evaluates the degree 
of extinction one may obtain between polarizers. This then is repeated for the 
same surfaces after stressing; e.g. high temperatures, cleaning procedures, etc. 
Although effective, this technqiue is quite subjective and is difficult to make 
quantitative. More quantitative and more sensitive methods are obviously 
needed. Before describing such an analytical method, a short discussion of 
twist and tilt domains is appropriate. 

DOMAINS 

Beyond the problem of obtaining high quality homogeneous surfaces it is 
necessary to obtain liquid crystal films which are “domain free.” A domain is 
here meant to be a localized region where the director axis assumes a direc- 
tion, either with or without a field applied, which differs from that of the 
intended or average direction of the surface as a whole. Such regions, as 
indicated previously, cause undesirable optical effects and detract from the 
appearance of the display. Two distinct types of domains are common. 

TWIST DOMAINS 

Twist domains are regions where the “handedness” of the helical twist 
abruptly changes across a domain wall, remaining constant, then abruptly 
changing back to the “preferred” handedness. Some characteristics of such 
domains are as follows: they have very sharp domain boundaries with or 
without an applied field and appear to require a discontinuity in director 
direction at some point of the boundary; the domain boundary is often 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

5:
45

 2
3 

Fe
br

ua
ry

 2
01

3 



SURFACE TILT DISTRIBUTIONS 277 

“pinned” by a dirt particle or other imperfection and if freed by mechanical 
agitation will often shrink and disappear; thermal cycling above and below 
the nematic point cafi create or destroy such domains; fabrication of displays 
with less than 90” twist energetically favors the region of smaller angle and 
serves to reduce the occurrence of twist domains; and finally, addition of 
cholesteric compounds which have an inherent handedness, can markedly 
reduce twist domains. 

TILT DOMAINS 

Of the two types of domains discussed here, the tilt domain is much simpler 
to analyze. This domain is most easily described in terms of a non-twisted 
cell but applies equally to a twisted cell. In Figure 1 a non-twisted, homo- 
geneous cell is shown in an unactivated state together with the two possible 
states resulting from application of an electric field. 

//// //// //// 

FIGURE 1 Bistable orientation of homogeneously aligned liquid crystals under the appli- 
cation of an electric field assuming no built-in preference towards positive or negative orien- 
tations. 

If the electric field is strictly vertical and no preferential tilt to the molecules 
at the surface is assumed, then random thermal or current fluctuations 
will cause the director axis to choose between a positive or negative tilt. As 
this process is occurring over the entire surface, one could expect many regions 
of opposite tilt forming many “tilt” domains. The fact is, if the proper pre- 
cautions are taken, a single preferred tilt direction results which can be pre- 
dicted from the details of the polishing or aligning procedure. This means 
that some factor is present which is providing a preference for one tilt over the 
other. 
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278 R. W. GURTLER A N D  J.  W. CASEY 

TILT PREFERENCE MECHANISM 

The most fundamental mechanism which provides a tilt preference is a small 
non-zero tilt of the molecules in the zero-field state which is characteristic of 
the molecular species, the polishing technique and the type of surface. Some 
experiments and theory describing this surface tilt, 60, will be presented below 
but first we should note that other effects may also cause a preference in cer- 
tain cases which can override the influence of a tilt at the surface. 

A non-vertical electric field is one means of providing a tilt preference and 
such is the case in the fringing field region of electrode edges; this is shown in 
Figure 2. It might be expected that such a region should exist for a distance 
roughly equal to the cell thickness and should be apparent only when the 
skewed field is inducing a non-preferred tilt direction-this is found to be 
true. 

FIGURE 2 Fringing electrode fields and their influence on tilt orientation. 

Other possible influences are from surface irregularities and current flow. 
The latter is especially easy to observe and is most pronounced when a cell 
has been allowed to relax quite fully, then is abruptly activated. As indicated 
in Figure 3, many small regions of non-preferred tilt are generated which 
usually soon vanish. If the cell is turned off and then back on with only a 
short interval to relax, the same regions tend to be created. If, however, the 
cell is altowed ample time to relax, entirely new regions will be formed- 
testifying to the random nature of the current induced distortions. 
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FIGURE 3 Orientation variations due to current induced turbulence. 

SURFACE TILT PREFERENCE 

Phenomenologically, what is supposed is that through a combination of 
polishing technique and surface and molecule composition, an effective non- 
zero tilt, 68, exists at the surface. If, as shown in Figure 4, the 68 angles on 
opposite surfaces match, then a constant 8 = 68 results throughout the film. 
If, on the other hand, they are opposite, then no effective tilt results. Experi- 
mentally these assumptions are verified and furthermore, the relationship of 
the polishing direction to 68, which is indicated in Figure 5 ,  always seems to 
hold. 

Exactly what is responsible for 68 is not the subject of this paper but let it 
be remembered that the physical, dielectric, optic and permeability axes are 
not necessarily the same and in fact are expected to be distinct. Consequently, 

I 0  0 0 0 0 0 00000000 
/ / / / /  

POLISHING DIRECTION / RELATIVE TO GLASS 

LITTLE PREFERENCE LARGE PREFERENCE 

FIGURE 4 Influence of opposite surface tilt preference on the bulk orientation. 
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280 R. W. GURTLER AND J .  W. CASEY 

POLISHING DIRECTION - 
RELATIVE TO GLASS 

FIGURE 5 Surface tilt preference and polishing direction relationships 

if the bonding properties to the surface are such that the dielectric axis is not 
parallel to the surface then a preferred tilt direction results and if very uniform 
bonding is obtained then a very precise 66 can be expected. 

EXPERIMENTAL 

In order to study the effects of a finite surface tilt, SO, the experimental ar- 
rangement schematically illustrated in Figure 6 was utilized. This apparatus 
allowed the simultaneous application of a vertical electric field (relative to the 
liquid crystal film plane) due to conventional transparent electrodes within 
the sample cell, and a magnetic field which could be oriented at any angle 
relative to the sample normal by rotation of the sample holder about an axis 
perpendicular to the magnetic field. 

Situated on both exterior surfaces of the sample cell were crossed polarizers 
which were oriented with respect to the polishing directions so as to give 
maximum transmission in an unactivated state. The polishing directions for 
the fabrication of the cells and sample mounting configurations were chosen 
so that the mid-film molecular orientation, the sample normal and the mag- 
netic field were coplanar. The considerations of Figures 4 and 5 were utilized, 
although in this case for twisted cells, in order that the mid-film molecular 
orientation would acquire a maximum tilt preference. And finally, twist 
angles of about 80" were used to ensure the proper handedness of the twist. 
Figure 7 illustrates the relationships of the polishing directions to the sample 
cell. The indicated polishing directions yield a mid-film orientation along the 
sample axis and a tilt preference towards the sample normal. 

The effects of the electric and magnetic fields on the molecular orientation 
were determined by LED-photodiode pairs oriented at 0" and +45" to the 
sample normal but lying in the plane containing the magnetic field and the 
sample normal. 

In an unactivated state, the tilt preference is very small and would be 
difficult to measure directly. But on application of an electric field, the small 
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SURFACE TILT DISTRIBUTIONS 

EXPERIMENTAL M EASUR EMENTS 

28 1 

/ / A Y  
FIGURE 6 Experimental arrangement used to study surface tilt preferences. 
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282 R. W. GURTLER AND J. W. CASEY 

SA 
NO 

SAMPLE 
AXIS 

CONTACT BOTTOM SURFACE 
AREAS 

LIQUID CRYSTAL 
FILM REGION 

UPPER SURFACE 
POLISHING DIRECTION 

FIGURE 7 
in text (SEE PAGE 280) 

Polishing direction relationships for samples whose measurements are reported 

tilt preference results in either a positive or negative tilt in an activated state. 
By observing the behavior of the +45" optical channels as a function of volt- 
age, it is easy to deduce the tilt direction as a result of the electric and mag- 
netic fields applied. The responses of these optical channels are shown in 
Figure 8 for the case of an electric field applied to a twisted cell. These are 
just threshold curves and it can be seen that very different curves result for the 

45" observations and thus the orientation of the tilt may easily be deter- 
mined. In fact, the very large distinctions between such k45" observations 
leads to some possible display and optical memory applications. 

That the effective tilt preference is small can be seen from the results of 
magnetic-field-only experiments where the response of the "preferred " 
photodiode is monitored as a function of magnetic field but with the magnetic 
field orientation as a parameter. These are shown in Figures 9 and 10. Again, 
as for all the experimental observations to be reported here, a twisted cell is 
monitored and we see that as the magnetic field varies from 0" to 5" in a direc- 
tion to aid the preferred tilt, little effect is observed. However for orientations 
opposing the tilt preference by as little as O S " ,  definite changes are noticed and 
by the time a deviation of 1.25" is obtained, the behavior now has assumed a 
definite non-preferred orientation characteristic as in Figure 8. The con- 
clusion is, for these cells, that an average preferred tilt of about 0.75" exists at 
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284 R. W. GURTLER A N D  J .  W .  CASEY 

$H AIDING RELATIVE 
~ ~ A p ~ S h n l s s l o ~  PREFERRED ORIENTATION 

1 .o 

.9 

.a 

.7 

.6 

.5 

.4 

.3 

.2 

.1 

0 
.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 

6 ITESLAI 

FIGURE 9 
direction) for various angles of B which generally enforce the preferred orientation behavior. 

Transmission vs. B curves for light transmitted at f45" (preferred orientation 

RELATIVE TRANSMISSION 

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 

B (TESLA) 

FIGURE 10 Transmission vs. B curves as in Figure 9 but with orientation of B tending to 
oppose the preferred orientation. 
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SURFACE TILT DISTRIBUTIONS 285 

the surface and if the magnetic field is applied off normal by just this amount. 
then almost no preference exists and either positive or negative tilts may result. 

An average tilt, ( S O ) ,  is described because variations over the surface can 
be expected to give local surface tilts that vary about this average with the 
result that in certain areas a positive tilt will occur while in others a negative 
tilt will result-i.e., domains will be formed. Since the LED-Photodiode pairs 
are observing a finite portion of the surface, a response which varies in pro- 
portion to the relative areal occurrence of + or - tilt domains will result. 
This will be utilized later to define a surface distribution function and a sur- 
face tilt probability function which will allow a quantitative description of the 
surface. 

In the case previously described, the spread of 60 about ( S O )  is evidently 
small since, as observed above, a variation of 0.5" above and below this ( S O )  
gives preferred or non-preferred behavior over the entire observed region. 

FIGURE 1 1  Angular relations used in derivation presented in text. 

Although the above experiment is readily interpreted, precise measure- 
ments are difficult because of the very small angles involved and the uncer- 
tainties of the mechanical and magnetic orientations. A much more control- 
lable experiment utilizes the combination of electric and magnetic fields 
illustrated in Figure 11. Experimentally, the magnetic field is first applied and 
time is allowed for equilibrium to be attained. The magnetic field is applied 
at an angle 1,9 which is fixed and opposes the preferred tilt. The magnetic field 
intensity is insufficient to attain magnetic threshold but is contributing a 
torque on the liquid crystal molecules which opposes the effects of the built-in 
preferred tilt. Subsequent application of an above-threshold electric field 
then will cause preferred or non-preferred tilt as determined by the strength 
and angle of the magnetic field. The threshold behavior of such an experi- 
mental arrangement may be calculated and, for completeness, both the non- 
twisted and twisted cell will be treated. 
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286 R. W. GURTLER A N D  J. W. CASEY 

TH EORY-NON-TWISTED CELL 

Using the definitions as described in Figure 11 we write the free energy 
terms due to elastic forces following Frank’s’ definitions as 

gn = +{k, , (V*n)2  + k,,(n-Vxn)’ + k,,[(n.V)n]’} 

where n is the director axis. In our case 

n = cos 9? + sin 02 

gn = +{k l l  C O S ~  e + k3, sin’ e}ef. 
and g,, reduces to 

The electric free energy is obtained from? 

gE = - i P ’ E  

where P is the induced polarization and, in terms of the macroscopic sucep- 
tibility components, can be written in terms of E and n as 

P = co[xlE + Ax(n- E)n] 

where A 2  = xI I  - xl and x,, and x L  are the electric susceptibility com- 
ponents parallel and perpendicular to the director axis respectively. There- 
fore we have, except for terms not involving n and using c O ( l  + x) = E ,  

Similarly we have (letting x now be the riingnetic susceptibility) 

PO 
2 

gH = - - M . H  

where 
M = x1H + Ax(n-H)n 

and thus (using p = po(l + 1)) 
- P O  

2 gH = - Ax(n - €3)’ = -*Ap(n H)2. 

So finally, in terms of 8 we have for the total free energy density, 

A& A 
2 2 

g = ${kll  (30s’ 8 + k,, sin’ O}et - - E2 sin’ 0 - H 2  sin2(6’ - $). 

i SI units are used throughout. 
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SURFACE TILT DISTRIBUTIONS 287 

In order that 8(z) should bring G = J g d I/ to aminimum, the Euler-Lagrange 
equation 

must be satisfied. This leads to the differential equation 

(kll cos2 0 + k,, sin2 8)e,, = -AeE2 sin 0 cos 0 
- ApH2 sin(# - $)cos(B - I)). 

Since we are interested in threshold and sub-threshold behavior we now 
make the small angle approximation and keep only first order terms in 8. 

Then we find 

kll8,, = - AEE’O - A p H 2  8 cos(2$) - - 2 

or 

AEE’ A p H 2  + cos(2$)] + !!!!!? 2 sin(2I)) 
kll kll 

Now it is convenient to transform this equation into a dimensionless form 
which allows for a simpler form and is more readily interpreted. The following 
variable changes are made and the corresponding normalized variable will 
be denoted by a circumflex : 

where we utilize the known relations 

AE 2 1  -=(;) kl1 g 

for the electric and magnetic threshold fields. 
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288 R. W. GURTLER AND J. W. CASEY 

This results finally in 
A2 

260 
ti,, = -x2[tz + H 2  cos(21j1)lO + 7c’ - sin(21j1) 

This equation may be solved by noting that a particular solution may be 
seen to be 

6 2  
~ sin(2IjI) 
268 e,, = P2 + f i 2  COS(211/) 

On the other hand, solutions of the homogeneous equation are of the form, 

t i ,  = A sin[n[V2 + ii’ cos(2$)1~/~u] + B cos[n[P2 + A’ c0s(2ti/~]~‘’u] 

The general solution, then, is of the form 

8 = 0, + e,  

O”(0) = 0 

which satisfies the boundary conditions 

= 1 
These conditions lead to 

cos(n[P’ + H z  cos(211/)]”2u} 

cos 132 + f i 2  COS(2$)]”2 I L 
This equation, resulting as it does from a small angle approximation, may 
be considered accurate for values of 0 up to lo”. Since experimentally we have 
that 68 Z I ”  for many surfaces, this means the above equation is accurate for 

The threshold behavior of the cell may now be ascertained. Evidently a 
e 2 10. 

threshold condition exists for the condition 

u2 E 3’ + H 2  cos(2IjI) 3 1 

since 0 diverges here. The tilt behavior can be deduced from the sign of 
O(u) as U -+ 1. In fact preferred or non-preferred behavior may be determined 
by the condition 

> O  preferred 
> 0 non-preferred 
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SURFACE TILT DISTRIBUTIONS 289 

This depends on the magnitude of H ,  $ and 66,. The above condition may 
alternatively be expressed as 

< 1 preferred 
> 1 non-preferred 

y sin(21,b) 

where 

A’ 

Considerable simplification occurs if we choose, as is the case for all ex- 
periments reported here, $ = n/4. Then 

and now the threshold condition is simply P -, 1; i.e. the electric field thres- 
hold for a cell with or without a magnetic field at $ = 4 4  is unchanged. Some 
calculated plots of the behavior of this equation are plotted in Figures 12 and 
13 for various values of y and u. 

Of interest here is information on the material and processing parameter 
66,. Experimentally we may apply a magnetic field condition such that y = 1. 
Then, knowing the critical magnetic field we may calculate 

68 = @: 
or, in degrees, 

66, = 28.65A: 

THEORY-TWISTED CELL 

An entirely similar procedure may be used for the twisted cell, although the 
complexity is increased and, in order to obtain an analytical form for the 
threshold behavior, further simplifications must be made. These further 
simplifications do not have a strong influence on the behavior, however, 
and the resulting equations may again be assumed to be fairly accurate. 

In the twisted cell, a further degree of freedom is added in that a twist angle, 
4, is introduced. Assuming the same geometry as for the non-twisted cell, 
we now add the boundary conditions. 

+( - L/2) = - n/4 
+w) = 4 4  
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FIGURE I2 
strengths of the magnetic bias. 

Central molecule orientation as a function of voltage (normalized) for various 
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7 +  

- 1 0 1  : : : : : : : ; : ' : : ; ; : : ; ; 
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FIGURE 13 Molecular orientation distribution at P = 0.9 and various 7 values. 
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298 R. W. GURTLER AND J .  W. CASEY 

What is plotted is the difference in voltages between the 245”  channels 
(V+ - V - )  versus the applied magnetic field. Also indicated are representa- 
tions of the view through the +45” channels. Hc can be determined by such a 
curve and consequently 68. 

This curve is idealized because in reality a finite area of the surface is being 
observed by the LED-photodiode pairs and variations in 68 exist over the 
surface. In our experiments, a region of about 3mm diameter was observed. 
This means that as H approaches the critical field strengths, some regions 
with slightly smaller tilt preferences may “flip” earlier than other regions 
with stronger tilt preferences. The result is that in the critical field region, a 
mottly appearance will result because of numerous small domains of negative 
tilt surrounded by positive tilt regions. Figure 15 illustrates this more 
realistic situation with indications of the sample appearance at various 
portions of the critical field strength region. It should be noted that the two 
views will be exact contrast opposites. Also, the square of the applied magnetic 
field is plotted since, for any region which has flipped, 68aH’. 

The V+ - V- signals essentially indicate the area of the viewed region which 
have preferred tilt. By appropriate electronic scaling, a signal P, was con- 

. 

FIGURE 15 Presentation similar to that of Figure 14 except a realistic sample with surface 
tilt preferences which varies spatially on the sample surface is depicted. Also, H2 is used as the 
abcissa instead of H since surface tilt is proportional to H2. 
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SURFACE TILT DISTRIBUTIONS 299 

structed which lies between 0 and 1 with the property that P ,  represents the 
fraction of the area of the sample (in view) which has positive or preferred 
tilt. In addition, by previous measurements we determine HT for the device 
under test. This allows us to scale the abcissa of our curves directly in terms of 
a surface tilt, 8,, by the relation 

Experimentally, electronic squaring circuits may be used to allow direct 
plotting of P+(O,) versus 8,. 

Now, this signal P+(8,) may in turn be further defined in terms of a surface 
tilt distribution function,f(O,), as 

e. 
P+(O,) = 1 - J-n,2f(8s)d8s - 4 2  < 8, < 7c/2 

where f(0,) denotes the fraction of the area whose surface tilt lies between 8, 
and 8, + do,. P+(8,) is actually then the surface tilt probability function 
being the fraction of the area whose tilts are greater than 8,. Note therefore 
that 

aP 
f(0,) = - f 

do, 

or in terms of P+(H) ,  

But 

therefore 

A = (20,)”2 

and 

Figure 16 illustrates the expected behavior and relations. 
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P(0J 

0 
/ 

0 s  

P(0,) = 1- 1-:2 f(h) dh=  SURFACE TILT PROBABILITY FUNCTION 

a p  
30s 

f(0.J = -- = SURFACE TILT DISTRIBUTION FUNCTION 

FIGURE I6 Surface t i l t  probability function and its related distribution functionf(0,). 

EXPERl M ENTAL 

Gaussian distribution 

In most cases of a well-prepared surface, a Gaussian distribution can be 
assumed. That this is the case can be seen from a comparison between the 
Gaussian assumption and actual measurement of.f(8,) by graphical means 
from a plot of P+(8,). A Gaussian distribution forf(8,) assumes that 

= ((8:) - ( e S > 2 p *  

where i t  is assumed that - 00 < 8, < co, althoughf(8,) = 0 for l8,l > 4 2 .  
This is a fair assumption since small values of 8, are experienced. With this 
f (0 , )  then, Pt(Os) can be expressed in terms of the error functions. Through 
consideration of this resulting expression we find that P+((8 , ) )  = 0.5 while 
Pt(0:) = 0.25 or 0.75 for 8: satisfying 

I e: - (8,) I = 0.48 ~3~ 

Consequently from a plot of P+(8,), (8,) and 0: may be obtained yielding 

o = 1.4718: - (8,)l 
fully determiningf,(O,). 

and calculated distributions. The agreement is reasonably good. 
In Figure 17, P+(8,) is shown while Figure 18 shows the resulting measured 
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302 R. W. GURTLER AND J .  W. CASEY 

FIGURE 18 Measured distribution function as determined from obtaining graphical 
derivatives of the probability function of Figure 17. Comparison is made to a Gaussian distri- 
bution deduced from fitting to Figure 17. 

Non-Gaussian surfaces 

That a Gaussian distribution cannot always be assumed is shown in Figures 
19 and 20 where a very poor (dirty) cell was analyzed graphically from P+(B,). 
A good cell, however, usually has the symmetric shape of a Gaussian dis- 
tribution and for most of our  work has been assumed as such. 

Effects of surface type and preparation 

Figure 21 represents results of measurements performed on samples fab- 
ricated with a variety of techniques. All samples utilized the same liquid 
crystal, a proprietary all-ester liquid crystal WT-I, and therefore the resulting 
differences reflect variations in surface conditions. The curves indicated are 
representative curves; a given technique will consistently yield results very 
close to the representative curves shown. 

The curve marked “Diamond” represents sample cells fabricated with 
S i 0 2  covered electrodes which were polished in the proper directions with 
0 . 5 ~  diamond paste on a felt cloth. Subsequently the cells were cleaned and 
assembled. Notice the very sharp distribution but unfortunately small value 
of (0,). In fact, some portions of the surface have negative 8, values and this 
implies the occurrence of tilt domains in an ordinary cell. 
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2 " = P m , , a m U n N -  
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Two silane surfactant treated surfaces are shown. Cell construction was 
identical to that of the “Diamond” samples, including the diamond polish, 
but were subsequently treated with the silane surfactant. The silane used, 
referred to as. 2024 silane, was N-methl-3-aminopropyltrirnethoxysilane. 
After the diamond polishing, the cells were soaked in a 0.25% aqueous 
solution of the silane and then were dry polished on a lint free cloth such as 
“Opticloth.” A 150°C bake in N2 completed the processing before assembly. 

A substantial improvement in tilt preference results from the silane treat- 
ment. Also shown is ace11 processed an identical manner except that opposing 
polishing directions in the sense of Figure 4 were used; this results in virtually 
no tilt preference and a broader variance. 

The final curve, marked experimental surface, demonstrates an even larger 
tilt preference. Instead of a SO2 coating over the electrodes, a polyamide- 
imide copolymer coating, Rhodia Kermid #500, was used. The coating was 
spun on and then cured at 250°C for about one hour. Polishing was performed 
with lens paper and then assembled. 

APPLICATION TO SURFACE STUDIES 

The previous experimental results point out promising utilizations of this 
technique to evaluate surfaces. All of the results described above utilized the 
same liquid crystal but the surfaces were varied. It should be pointed out that 
the representative surfaces described above are truly representative; a given 
technique repeated over and over again consistently falls very close to these 
curves therefore the differences are truly describing different surfdceconditions. 

Other possibilities are to use a standard technique and vary the liquid 
crystal. Also, aging and degradation may be evaluated by repeating the 
measurements on stressed cells. 
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