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Determination of nematic polar anchoring from retardation versus
voltage measurements
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The popular “high-electric-field” technique to determine the polar anchoring coeffitdiof a
nematic—substrate interface requires the simultaneous measurement of the capacitance and optical
phase retardation of a liquid crystal cell as a function of applied voltage. We develop a generalized
model that makes it possible to eliminate the capacitance measurement. The new technique, called
the RV (retardation versus voltagéechnique, requires only the measurement of retardation as a
function of applied voltage, and allows for the determinatioMolby a linear fit over a prescribed
voltage window. The technigue is not sensitive to uniformity of the cell thickness, does not require
patterned electrodes, and allows for the local probe of the surface. The valelatined by the

RV technique is the same &g obtained by the traditional technique. €999 American Institute

of Physics[S0003-695(99)02828-4

The surface orients a nematic liquid crystal direator this equation in place of the measurement of capacitante,
along a particular orientation, called “the easy axis.” Exter-can be determined by a simple linear fit of the experimental
nal torques deviate from its easy axis. The energetic cost of dependenc® vs V. The experimental test for standard poly-
this deviation is usually characterized by an anchoring coefimide alignment agents produces the same valué/afith
ficient W. A variety of techniques have been developed toand without the measurement of capacitance.
determineW,~> most of which test elastic deformations cre-  Theory:Consider a liquid crystal cell of thicknesicon-
ated by an external field. The most commonly used, espdined between two electrodes at=0 andz=d (Fig. 1.
cially for strongly anchoring cells of industrial interest, is the When the electric field is zerm is oriented along the easy
so-called “high-electric-field” (HEF) techniqué developed —axis and makes an anglg with the x axis. 6, defines the
by Yokoyama and van Spradglt requires simultaneous Minimum of the surface anchoring potential and is called the
measurements of the capacitarGeand the optical phase pretilt angle. In an external electr.lc field becomeg depen-
retardationR of a nematic cell as a function of applied volt- dent and the free energy per unit area of the cell reads

ageV. W is determined by a simple linear fit of the data a1 do)2

plotted in the formR vs 1/CV over some voltage window sz —[(Kl cos ¢+ Ky sir? ¢) —) —D-E|dz
(VminVimax) Which is well above the Frederiks threshold. The 02 dz

resultingW is only weakly dependent on the nematic bulk 1

properties and does not require accurate knowledge of the +2 EWsinz(O— 0p) |, (1)

cell thickness.
In this article, we seek to simplify the HEF technique by where K; (K3) is the splay (bend elastic constantD
eliminating the measurement of the capacitance. The mea= ¢y¢E is the electric displacemerk,is the relative dielec-
surement of capacitance can be complicated since it requirdésc tensor,E is the applied electric fieldapplied voltagev
patterned electrodes, as well as uniform cell thickness over angZdz), ¢ is the angle between(z) andx axis, andé
large area. Recently, Sun and Yokoyama suggested over ¢ (z=0,d). The deviationd— 6, is taken to be small so
coming the difficulties by adding a small capacitai@g in
series with the liquid crystal cell and to approximate the
dependenc® vs 1/C—V by a dependencR vs 1[C,V.° In
this article, we analyze theoretically the response of the cell
with a finite W to the applied field and show that this re-
sponse can be completely characterized by the functional de-
pendenceR vs V without any additional capacitors in the
circuit or any assumptions about the capacitance of the cell.
This approach is made possible by deriving an equation for
the cell capacitance as a function of applied voltage. Using

AN\

FIG. 1. Director configuration in the cell without fielteft-hand sid¢ and
¥Electronic mail: odi@scorpio.kent.edu with an applied electric fieldright-hand sidg
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that the energetic cost of surface director deviations can be RcvV

approximated by the Rapini—Papoular poterftilote that
Eq. (1) neglects any possible effects of the divergence elasti
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2K,

—JO—W(1+KSir12 8,)CV, 9)

R
c 0

K3 term in the free energy, and assumes that the effects ofhereJ, is a constant, an®, is the retardation under no
free electric charges are negligible. From the Maxwell equaexternal field. Also, the capacitance can be written as

tion divD=0, then, in a cell with a one-dimensional distor-
tion, D, does not depend om With this and the Euler—
Lagrange equation, the applied voltaye optical phase
retardationR, and capacitance&C are integral parametric
functions with parameteng,,= sir? ¢,,, where ¢, is the di-
rector angle ar=d/2, andy,=sir? ¢

V
V= 7th\/1+77ym| v(Yb:Ym), @
_ 2w dngv Ir(Yp,Ym) 3
N le(YpYm)'
_ €€, S 1c(Yp,Ym) (4)

d (Yo, Ym)

cv= 063y 10
where
2Ky y(1+xyp)(1-y,) — €
=1-—— ., V=a—Vy,
Q wd (1+vyp) T
and

L [T naay
TEl, N TyaEy

Equation(10) is valid over the same voltage rang¥f,,
Vmay as Eq.(9). For most liquid crystals with positive
>0 andx>0, the coefficientr is between 2t and 1. Sub-

Here, ¢, and e, are the components of the dielectric tensorstituting Eq.(10) into Eq. (9), we have the final equation to
that are parallel and perpendicular to the director, respeadeterminew.

tively, y=(eg—€,) e, , Vin=mVK /€€, €,=€,—€,, v
=(n2—n2)/nZ, n, and n, are ordinary and extraordinary
refractive indices, respectivel§,is the overlapping electrode
area,\ is the wavelength of the probing light, and

(Yo Ym) = fyybm \/(1+yy)

S

b

(1+ky)
(Ym—Y)Y(1-y

) dy, (9

y

1+ 1+ 1—
lR(vaym):fy (1+xy)(1+yy)(1-y)

(Ym=Y)Y[1-v(1-y)]

dy

><1+\/1—V(1—y)’
L [(1+ky)(1+yy)
e Ym) = fyb Ty Y

wherexk=(K3—K;)/K;.

(6)

(@)

R(V—V)
Ro

2K,

=Jo wd

(1+ky,)(V-V), (1)
whereJ, is a constant. Note that the condition Wi, re-
quiresa priori knowledge ofW, however, one can show that
this condition will be satisfied if the contribution of linear
term does not exceed 20% of the constant term in(Eqor
Eq. (12).

Experiment:A liquid crystal cell was assembled from
substrates coated with a Nissan PI2555 alignment layer.
First, indium tin oxide was patterned on the glass substrate to
create electrodes. Second, the alignment layer on the glass
was prepared by spin coating a 1:4 solution of Nissan poly-
imide PI12555 in the solvent HD MicroSystems T9039 onto
the substrates, bakingrfd h at 275 °C, andnechanical rub-
bing. Two substrates were assembled into a cell such that the
rubbing directions at the plates were antiparallel. The cell

The balance of torques at the boundary gives the expregap fixed by Mylar strips was measured to be2# by an

sion for the anchoring coefficient

2Kl ¢

B (14 kyp)(Ym—Yb)
W=dsin 2(0—6,)

(1+yyp)

In the HEF techniqueyV is determined in voltage region
(Mmin» Vmay Where the integrals in Eq$5)—(7) can be sim-
plified. WhenV>V,,=6Vy,,? then 1—y,<3x 10 °. This
allows replacingy,, with 1 in I g, while I andly have the
logarithmic singularities«|In(1—y,y|. Second, the deviation

(8)

interference method. The optical phase retardation of the
empty cell was measured to be 0.8° by the Senarmont tech-
nique.

The cell was filled with the liquid crystal
4-n-pentyl-4'-cyanobiphenyl 5CB(EM Industries. The
properties of 5CB at 23°C are as followd{,;=6.65
X 10 2N and K3=8.95x 10 **N;’ n,=1.717,n,=1.530,
measured in the laboratory. To assure the most accurate im-
plication of the experimental techniques, we measwed
=8.0 ande;=19.5 before and after the measurement of op-

from the easy axis should be small, allowing for a naturaltical retardation and capacitance. The pretilt angle of the cell

expansion of the integrals in terms of sir(6,) and keeping was determined to be 3°

only the linear term of the expression. Limiting deviations to
|6— 6,|<0.2 radians, one gets the upper voltage limit:

0.2
wcosep

Within (Vimin, Vimay: the productRCV can be written as a

linear function of CV with a coefficient proportional of
W—l.
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by the magnetic null methadi.
measurements were performed at 23 °C.

To determineW using the HEF technique, the cell ca-
pacitance and optical phase retardation must be measured as
a function of applied voltage. Before running the experiment,
the capacitance of the cell was measured using a Schlum-
berger S11260 impedance analyzer. This serves as an expetri-
mental check of the bulk properties of the liquid crystal

through determination of the threshold voltage, as well as an
P license or copyright, see http://apl.aip.org/apl/copyright.jsp
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FIG. 2. The dependence &CYV plotted agains€CV. The solid line repre-

sents the best linear fit through the data from 4.3 to 25 V, and yMIds o 3 The dependence B{(V—V) (circles; left-hand side scalandCV

=2.3x10"* J/n?. =
310 (small squares; right-hand side sggiotted against\{—V). The solid line
represents the best linear fit through the data from 4.3 to 25 V, and yields

. W=2.5x10"% J/n?.
accurate measure of the capacitance. Leads are then attached 107731

to the cell, and it is placed in the experimental setup for thqlo)_ For 5CB in a cell with 3° pretilt,a=0.828 andV
determination of anchoring. The cell is driven by a Stanford_ 0.39V. With this result and fitting the experimental data
Research Systems Model DS345 function generator amplirrom V=43V to V,,=25V, Eq. (1) yields W=2.5
fied by a Krohn—Hite Model 7600 wide band amplifier. The m max b '
60 kHz sinusoidal potential is routed into a cell and a 8D k
resistor in series, and the potential drop across the resistor d d ianifi v simolify the d
measured. The voltage drop across the resistor is consider?d We _emofnvs(/trgte ha vr\:g);tol&gn_l '?.aT;y sw;:p ify t eO e
when determining the voltage across the cell. Since the res—ilr(;rxlrgjagggr (i)n min?j/ thc?wel\g/]er-etr?;:r:c;ﬂ:’?/ antgihglg;\ ?]' darr:je
sistance of the cells used was larger than ,Mnd, thus, . ' ' . :

gave negligible contributions to the total impedance, the caﬁjgegecoﬁn:ggidarieﬁgua’\l:zt\éumzags i?\ér:)-rrélsgael IrthooerIig?r;
pacitance of the cell can be determined. Since the leads to t = 'h cases are based 'On 2 one-dimensional image of director
cell also add a capacitance, the results of this experiment al istortions. In real cells, the in-plane inhomogengeiﬂesg

compared with the capacitance measured with the Schiu it f th ) dth iated hori
berger SI1260 impedance analyzer, with the appropriate cop2nations of the easy axis and he associated anchoring po-

stant subtracted off of the former results. This gigewith teTt'aD lead to fs;grjlnﬁlc?lnt_rc:]ewatlcins_ frofmtr:he |ddeal_trt1_eoret|-_”
an uncertainty of 1 pF. cal response of the cell. The analysis of these deviations wi

The optical phase retardation of the liquid crystal cell isbe published elsewhefe.
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