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We describe a simple method for determining anchoring energies from
the measured optical response of liquid crystal cells. The method is
quick and easy to use and can therefore be used to check a range of
possible treatments, or for process control in an industrial environ-
ment.
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INTRODUCTION

Liquid crystal displays need reliable anchoring (such as planar, or ho-
meotropic). To test a range of treatments applied under various condi-
tions, or in an industrial environment, we need a quick and reliable
method to measure the zenithal anchoring energy.

The method described uses a simple experimental set-up that can
be easily automated. Furthermore, because of the simple model used
the data analysis is also straightforward, unlike other methods previ-
ously published. The experimental set-up is shown in Figure 1. The
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FIGURE 1 The experimental set-up [1,2]. Key: D — diaphragm,
M — mirror, P — polariser, PD — photo-diode, RA — rotating
analyser, SM — semi-silvered mirror.

set-up measures the retardation as a function of applied voltage (an AC
voltage is applied and the RMS voltage is recorded). A typical set of
experimental data, for the planar anchoring case, is shown in Figure 2.

We first model how the director profile varies across the cell.
This model is used to calculate the cell's retardation. By varying the
model parameters to get a good fit to the experimental data we can ob-
tain the anchoring strength. The experiments use a hybrid cell (Figure
3) aligned with the planar rubbing direction horizontal.

A hybrid cell is used because it allows a number of simplifying
assumptions to be made in the model we use to fit the data. We first
describe this model for the planar anchoring case and then show how it
is used to fit the data shown in Figure 2.

THE PLANAR ANCHORING MODEL

The anchoring energy at the planar surface can be measured for liquid
crystals with a positive dielectric anisotropy. It is assumed that the
voltage applied is sufficient to ensure that at the homeotropic surface
we have @ =0and d6/dz =0 . Variations in the cell depend upon z
only, and in this case the total energy, per unit area in the xy-plane, is
given by [3,4]

U= [(F,+F +F,)d (1)
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FIGURE 2 Retardation (um) against applied voltage for a hybrid
cell filled with 5CB.

with contributions from nematic distortion, the planar anchoring en-
ergy and from the applied electric field.
e The nematic energy density is given by

2
F, :1K11(1+Qcosze)(ﬁ] )
2 dz
where K, is the splay elastic constant and Q is defined as
0= K33 — K11
l(H

with K33 the bend elastic constant (There is no twist in this hybrid con-

figuration).

e The planar anchoring energy is given in the usual Rapini-Papoular
form [5].

F = %Al sin2(%—9)5(z+%j 3)

where the d-function ensures that this term only contributes to the total
energy at the surface.
e The dielectric contribution to the free energy density is given by
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FIGURE 3 The hybrid cell.
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with R =¢,/e, and e, =€/, - €, . €, and €, are the dielectric constants

4)

parallel and perpendicular to the nematic director. In addition we have

for the dielectric terms
D. = SOEL(I + Rcos’ Q)EZ
and
D_ = const = D, (say)
subject to the condition that
DO t/2 1

- dz=V,
&€, 2,1+ Rcos> ) ’

the applied voltage.
The Euler-Lagrange equation

i aF‘total _ aF‘total —
dz\ 06,

26
can be used to give
2 2
D
lK11(1+Qcos2 0)(ﬁj -0 ! .
2 dz 2e,€, (l + Rcos” @
and the torque balance equation

11+ Qcos? Hl)ﬁ

) = const

=cosf, sinf,
z=—t/2
with / = K|, / 4, , the anchoring extrapolation length.

()

(6)

(7)

(8)
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The integration constant in (7) can be obtained by using the boundary
conditions at the homeotropic surface (6 =0and d@/dz =0). This
gives

2 2 .2
D
[<11(1"‘QC()S2 9)(ﬁj =— Rsin_0 2 )
dz EE, (1+R)(1+Rcos 9)

Eliminating d@/dz in (8) gives a new equation for the surface angle
6

I’D;R  1+Qcos’ 6, (10)
K, &, (1+R) 1+ Rcos” 6,
These equations together with the condition placed on Dy (6) are the
basic equations of the model.

We now make a number of further assumptions to simplify the
analysis and data fitting.

cos’ 6, =

Simplifying the model

We assume that
e The director profile can be modelled using the function

0(z)=6, exp[—z-i_t/z} (1)

3

where
o 6 is the angle at the planar boundary and can be obtained
from the torque balance equation, and
o &is a characteristic length. To (approximately) satisfy the
BCs at the homeotropic surface £ <<t, the cell thickness.
and
e The field in the cell can be considered uniform. In this case we
have
_ &8y Vo (12)
4
With the uniform field assumption, the bulk director equation is satis-
fied (for small angles) by the ansatz for 8(z) with

af:i( - J (13)

VO 80811

D,
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FIGURE 4 Comparison of model results for €, (radians) against
applied voltage.

(this is the electrical extrapolation length). The ansatz is thus valid for
1
Vo well above the characteristic voltage V, = (K, /£,¢, )2.

The torque balance equation (10) becomes
I*(1+R)(1+ Q)1+ Qcos* 6,
E? 1+ Rcos” 0,

cos’ 6, = (14)

The optical retardation

Once the director profile is obtained it can be used to give the optical
retardation [2,6]

t/2
Al=n, | ! ~1|dz
112 \/I—Ro sin” 6(z)

120 ::1-_.(n0 /’1e)2
where n, and n. are the ordinary and extraordinary refractive indices.

with
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FIGURE 5 Comparison of the model director profiles, 8 (radians)
vs. z (um), for a number of different voltages.

Testing the model

We have developed a numerical model that correctly handles the en-
ergy terms and applied electric fields [7,8,9]. This has been used to
model the system with different voltages applied and to give the angle
at the planar surface (6,), the director profile and the retardation as a
function of applied voltage. These results for an anchoring extrapola-
tion length of 0.05um in a 10um cell filled with 5SCB are shown in
Figures 4, 5 and 6 together with results from the simplified model (In
these figures the dotted lines represent results from the simple analyti-
cal model and the solid lines results from our numerical model). There
is reasonable agreement provided that the voltage is high enough (>
20V, V., =0.295 Volts).
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FIGURE 6 Comparison of model results for optical retardation
(um) against applied voltage.

EXPERIMENTAL RESULTS

The results shown in Figure 2 are for a hybrid cell filled with 5CB
(5CB was used because data on its elastic constants and refractive in-
dices are available in the literature). The planar anchoring was ob-
tained using a rubbed polyimide (JSR Microelectronics AL1254). The
homeotropic alignment was obtained using a proprietary treatment
known to give reliable homeotropic alignment when used with SCB.
The cell was measured empty using a spectrophotometer and the
transmission data fitted, giving the thickness as 9.78um. The cell was
filled and measured, the model described above was then fitted to the
data (for voltages greater than 2.0V) using a least squares fit and this
gave the anchoring extrapolation length, 1=0.04pum. The measured data
and the fitted curve are shown in Figure 7.

Rubbed polyimide is known to give strong planar alignment and
this value is certainly consistent with that. To further check the valid-
ity of the model we are in the process of testing other treatments,
which give weaker planar alignment. A second test using a thinner cell
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FIGURE 7: The model fit to the experimental data shown in
Figure 2. The cell was measured to be 9.78um thick and the best
fit was obtained for 1 = 0.04um.

gave an anchoring extrapolation length of 0.025um. The source of this
difference is not clear. It could be due to

Differences in the polyimide. The cells were made at different
times; the thickness of the polyimide and/or the rubbing may be
different. Both of these factors are known to have an effect on the
anchoring strength.

The cell thickness is measured with the cell empty, it may change
when the cell is filled and this will affect the results.

Failure of the Rapini-Papoular function to adequately represent the
anchoring energy function.

Limitations in the current model. The assumptions may be too se-
vere.

We are currently working to clarify the situation by systematically
measuring a range of cells. This is made feasible because of the sim-
plicity of the model and of the data fitting procedure. At the same time
we are investigating other methods that will allow us to obtain inde-
pendent confirmation of our results.
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CONCLUSIONS

The method described above allows the planar anchoring strength to
be quickly assessed. As such it should be useful for process checking
and, if used consistently, for relative measurements of a variety of dif-
ferent surface treatments. With simple modifications the model could
also be used to measure the homeotropic anchoring energy (for liquid
crystals with a negative dielectric anisotropy and using a voltage re-
gime where the electrodynamic instabilities are absent).

The model makes strong assumptions, which have been vali-
dated by comparison with our numerical model. It needs the liquid
crystal parameters and cell thickness to be known beforehand. If nec-
essary, the liquid crystal parameters can be independently measured.
The real problem, as with other published methods [2,6,10], is know-
ing the actual thickness of the cell being measured.
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