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Zenithal Anchoring Angle and Anchoring 
Strength on Oxidized Silane Plates 

J.G. FONSECA. P. CHARUE and Y. GALERNE 

IPCMS / GMO, 23 Rue du Loess, BP-20, 67037 Strasbourg - France 

Silane coated surfaces are chemically modified by using the post-discharge of an oxygen and 
nitrogen cold plasma, to produce alignment layers. These oxidized surfaces yield uniform 
nematic cells, provided that they are previously rubbed unidirectionally. Depending on the 
oxygen concentration amving to the sample surface, the zenithal anchoring orientation may 
be tuned from planar to homeotropic, and tilted in-between. We measure the zenithal anchor- 
ing strength in the planar region, for 4-n-pentyl-4’-cyanobiphenyl(5CB), as a function of the 
oxygen concentration and of temperature. The anchoring strength is found roughly independ- 
ent of the oxygen concentration, with an extrapolation length -100 nm for AT=l.5K. 

Keywords: Anchoring Strength; Extrapolation Length; Post-Discharge Plasma; Alignment 
Layer; Silane Coating; Self Assembled Monolayers 

INTRODUCTION 

Self Assembled Monolayers (SAM) are often used as alignment layers for 
liquid crystals“’, since they easily yield clean uniform surfaces. Here, we 
start from silane SAM that we then modify by using the post-discharge of a 
micro-wave plasma. We thus obtain gradual chemical modification of the 
SAM surface. The anchoring properties of the alignment layers obtained in 
this manner, are investigated, on both the points of view of the zenithal 
anchoring angle and of the zenithal anchoring strength. 
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SAMPLES PREPARATION 

First, I T 0  coated glass plates (square resistance 2 100 0, thickness -25 nm) 
are unidirectionally rubbed with alumina powder (radius - 1-2 pm) in order 
to draw microscopical stripes on the IT0 surface and to fix the azimuthal 
direction of the liquid crystal. The rubbing of the plates is performed at a 
constant velocity v - 630 m d s  for 6 min. while applying a weight of 3g. 
The plates are cleaned and submitted to an argon plasma (radio-frequency 
plasma, t = Smin, Forward Power = 100 W, Reflected Power = 1 W, 
Pressure = 0.1 tom) immediately before silanization, in order to clean them 
from organic elements, and to favor good deposition of the silane molecules. 
They are then silanized with a commercial derivative of 
octadecyltrichlorosilane (OTS). 

FIGURE 1 . Alignment layer process 

Then we place the treated plates in the post-discharge region of a micro- 
wave Oz/Nz plasma. The oxygen atoms that are produced in this way 
functionalize the silane surface, and for strong concentrations we observe a 
degradation of the surface with a loss of organic mass. There 121, the oxygen 
concentration decays exponentially with the distance to the plasma source 
(Fig.2). Depending on that distance, one can thus vary the degree of 
hnctionalization of the silane surface, In order to have a reproducible 
process, the temperature and the fluorescence light intensity of the plasma 
are carehlly controlled, as well as the forward and reflected power in the 
microwave cavity. 
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FIGURE 2 . Plasma experimental setup 

Cells are prepared with these plates, with parallel azimuthal orientations 
and a spacing in the range of 5pm - 10 pm. We choose the cyanobiphenyl 
compound (SCB) for it is a room temperature nematic with high dielectric 
anisotropy and birefringence. It is a well known nematic and our 
experimental results can directly be compared with data already published 
on other interfaces. The liquid crystal is introduced in the isotropic phase 
and uniformly oriented cells are obtained. 

FIGURE 3 . Typical 5CB sample between cross polarizers 
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ANCHORING ANGLE 

The zenithal anchoring angle 8 is determined from the measurement of the 
optical path difference in the sample cell. For intermediate tilted anchorings 
(0 between 15" and 75"), a direct measurement of the optical path difference 
F is made in normal incidence, and the anchoring angle is determined from 
the relation: 

where An is the birefringence of the liquid crystal, and D the Sam le 
thickness. For planar or homeotropic anchorings the prism techniq~eI'~is 
more accurate. In this case, also one only needs to measure the sample 
thickness and the optical path difference for different incidence angles (a = 
19",0",- 19"), to both determine the anchoring angle and the birefringence of 
the liquid crystal. 

A A 

FIGURE 4 . Normal and oblique measurements of the optical path 
difference 

The anchoring angle results are shown in Fig.5 as a function of the distance 
to the plasma source. At low concentrations (large distances) the nematic 
director keeps perpendicular to the surface (homeotropic anchoring). As the 
oxygen concentration increases, the anchoring starts to tilt , and after a 
critical concentration the anchoring becomes planar. As may be seen on 
Fig.5, the anchoring process is reproducible, with a tuning tolerance of - 1 
cm. 
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FIGURE 5 . Anchoring angle variations as a function of distance to the 
plasma source 

ZENITHAL ANCHORING STRENGTH 

The orientation of a nematic liquid crystal submitted to an applied electric 
field, perpendicular to the cell surfaces, results from the competition 
between a volume torque of electric nature, given by: 

and a surface torque proportional to the anchoring strength of the interface, 

Here, KO is the anchoring strength coefficient and S& is the variation of the 
director angle at the surface. In the case of planar anchoring, the nematic 
director is parallel to the surface for voltages below the Frederiks transition. 
For higher voltages, the nematic molecules tend to be aligned with the 
electric field and we observe a distortion of the director throughout the cell. 
For a finite anchoring strength, the electric field orients the molecules not 
only in the volume of the cell but also at the surface, and in this case 
eS(v>vlh) < es(v<vth) = d2. On calculating the distortion O(z), one can 
determine the extrapolation length 50, which is connected to the anchoring 
strength by the relation: 
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where K I I  is the splay elastic constant of the liquid crystal. The 
extrapolation length represents the distance between the real surface of the 
cell and a virtual surface where the anchoring is once again planar. 

D / 
//////////I 

FIGURE 6 . Director distortion below and above the Frederiks transition 

The free energy can be expressed in terms of the sample parameters that are 
measured (sample thickness, birefringence, Frederiks voltage, optical path 
difference) and other parameters taken from l i t e r a t ~ r e ~ ~ . ~ ' .  Numerical 
minimization of free energy allows us to determine the director distortion 
O(z). The calculation takes into account the electric field variations due to 
the distortion. They are related to the electric displacement D which is 
constant, by the relation E = E(Z) D. The anisotropy of the elastic constants 
and the effects of flexoelectricity 1 6 ]  are also taken into account. By 
extrapolating the calculated distortion from the sample surface, we obtain 
the extrapolation length 50.  

In the studied region (where the anchoring is planar), the anchoring 
strength is found to be roughly independent of the oxygen concentration 
(Fig. 7). Interestingly (Fig.8), one observes a critical behavior as a function 
of temperature near the nematic - isotropic transition, consistent with the 
one reported for other alignment layers'7i. D

ow
nl

oa
de

d 
by

 [
U

ni
ve

rs
ity

 o
f 

H
ai

fa
 L

ib
ra

ry
] 

at
 1

9:
28

 1
7 

A
ug

us
t 2

01
2 



ZENITHAL ANCHORING ANGLE [ 12 I5]/603 

150 I 

I , , , , I o with flexoelectric 
correction 

13 1 4  15 16 

d (cm) 

FIGURE 7 . Extrapolation length versus distance to plasma source for 1 SK 
below the nematic isotropic transition (AT= 1 S K ) .  The calculations are 
performed with and without taking into account the flexoelectric effect. 
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FIGURE 8. Temperature dependence of the zenithal extrapolation length for 
d = 14 cm, without flexoelectric correction 

CONCLUSIONS 

The method used to determine the zenithal extrapolation length can be 
considered as a variation of the “high electric field’’ technique[*]. However, 
it does not need any capacitance measurement, which are integrated 
measurements in all cell surface, difficult to make under an electric field. 
The use of capacitance measurements also assumes a uniform cell thickness 
in all its surface. Here, the measure is local, which allows the measurements 
not to be affected with inhomogeneities that may exist in alignment layers. 
Another advantage of our method is that there is no limitation on sample 
thickness, in opposition with the typical cell thickness of 50 pm needed for 
the “high electric field” technique. On the other hand, the result is not 
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obtained from a straightforward graphical resolution, and a numerical 
calculation has to be performed by using a rather simple computer program. 

The plasma treatment which is used to modify the silane surfaces, 
shows a good reproducibility. It can be applied to tune the anchoring from 
the planar to homeotropic orientations. We observe small variations of the 
anchoring strength with the oxygen concentration grafted onto the silane 
surface, in the planar anchoring region. We find an intermediate anchoring 
strength, with an extrapolation length of -100 nm at AT=1.5K. 
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