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Local measurement of the zenithal anchoring strength
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We present an electro-optic method for measuring the zenithal anchoring strength of nematic liquid crystals,
based on the determination of the distortion produced by a small electric field. This method yields the zenithal
anchoring strength at small applied torques, and remarkably, only needs local measurl@piices path
difference versus applied voltage, sample thickpéssontrast to the classical methods that use measurements
integrated over the entire sample. We determine the zenithal anchoring strength for two nematic liquid crystals
(5 CB and 5 OCB with positive dielectric anisotropy, onto pdtgtrafluoroethylene(PTFE treated surfaces,
that yield planar liquid crystal cells. We find that the anchoring at the PTFE-5 CB interface is strong, with an
extrapolation length~30 nm, and independent of temperature far enough from the isotropic transition. We
observe a pretransitional weakening of the anchoring strength near the nematic-isotropic transition, due to the
reduction of the orientational order parameter at the interface. With 5 OCB, we measure a stronger anchoring,
with an extrapolation length-15 nm. This result may be explained by the increase of the van der Waals
interactions between the liquid crystal molecules and the surface, due to the presence of the oxygen atom.

PACS numbd(s): 61.30—v, 64.70.Md, 68.45-v

[. INTRODUCTION trapolation length in one of the interfaces without needing to
apply an external field. The major drawback of the method is
In the past few years, for fundamental reasons but alsthat it needs a reference anchoring surféagsumed to be
because of the potential display applications, there has beenfinitely strong to provide the conflicting boundary condi-
an increasing interest in studying the surface properties dfons. This naturally places an upper limit to the accessible
liguid crystals and more specifically, their anchoring proper-anchoring strengths. Moreover, the method is excessively
ties onto solid substrates. The preferred alignment directionsensitive to defects and nonuniformities of the surface treat-
of nematic liquid crystal$NLC) [1-3], and then the zenithal ment, and works only with planar anchorings. So, since a
[4] and azimutha]5—-8] anchoring strengths, have thus beenfew years, the methods which use an external electric field
determined onto different substrates, essentially ITO glasg30—47, seem more convenient, all the more than they are
plates coated with organic materials as polymer and amessentially close to the conditions encountered in the display
phiphilic molecules. Polymers such as polyam{8el0] or  devices.
PTFE[11] are found to produce the planar orientat{oem- Among several possible variations, two of the most com-
atic director parallel to the surfacevhile amphiphilic mol- mon procedures based on applying an electric field, are the
ecules such as lecithiii2] or silane[13] yield the homeo- anchoring breaking metho#4—-47 and the high electric
tropic orientation (perpendicular to the surface Other field technique[40,41]. Both methods use strong electric
techniques are more sophisticated and yield alignment layefields and measure the anchoring strength close to the maxi-
with a wider range of anchoring properties. By means ofmum of the anchoring torques. In the anchoring breaking
oblique deposition of SiO coatingi$4—17 one may observe method, which may be performed on planar anchorings only,
a transition from the planar to the oblique anchorings as @ne applies a sufficiently high electric field to break the an-
function of the deposition angle. More recently, a nonmono-choring of the nematic from its easy axis onto the substrate.
tonic behavior of the anchoring properties of a monolayerThen, and assuming equal elastic constdfig= Kzz=K,
deposited with the Langmuir-Blodgett technique, has beetthe extrapolation length and the electric coherence length,
observed on varying its surface densithg]. Finally, with  &c=(Kq,/e08)YYE,, are equak,~ & [47]. By measuring
plasma modified silane monolayers, one observes an anchdhe fieldE that produces the breaking of the anchoritigen
ing transition from the homeotropic to the planar anchoringghe nematic is oriented homeotropically, and the cell exhibits
at a critical density of the oxygen grafted onto the surfacea zero path difference between the ordinary and extraordi-
[19-21. nary rays in normal incidengeone can directly determine
The zenithal anchoring strength is less frequently meathe extrapolation length. However, one may notice that,
sured though this property is interesting in itself, and seemghough it is not crucial, accurate determination&efare not
moreover particularly important for the recently discoveredeasy to realize, essentially because it is difficult to distin-
display mechanism$22—-25. Usually, it is expressed in guish between a small path difference and a null one. More-
terms of the zenithal extrapolation lend®6] &,, (see Sec. over, there are often problems at high electric fields, essen-
[l A). Different experimental means are available to detertially because of electrolysis which irremediably produces
mine &,. Let us briefly recall them. ions. The electric field is then partly screened out, and dis-
The wedge-cell method27-29, initiated by Riviee  turbing flows appear in the sample. Such problems are even
et al, uses a hybrid wedge-cell to measure the zenithal exworse for strong anchorings since the applied electric field
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have to be large in these cases.

In the high electric field technique, the zenithal extrapo- —
lation length¢, is determined by exploiting a roughly linear -
regime of the optical path difference rati&(V)/5(V=0) .
versus 1CV, whereC is the sample capacitance awdthe — TE
applied voltage. Such a behavior may be shown from free —
energy minimization, and is valid for high enough voltages.

—
Then, &, is determined from a linear extrapolation of the TITTT T

data. This method presents a wide voltage range of applica- V<th V>th
tion, and can be performed on both planar and tilted anchor-

ings[4], but it needs thick samplés-50 xm), much thicker (a) {b)

than used for the display applicatiots5 um). It also needs ) ) o ) o
complementary measurements as the measurements of theF!G. 1. Orientation of the nematic director in a liquid crystal
sample capacity. Experimentally, capacity measurements af§!| With planar anchoring, fofa) Applied voltages smaller than
integrated over the whole surface of the electrodes, so th%rederlks thresholdb) Above threshold, the competition between

the physical characteristics of the sample have to be uniforn{ e electric and the surface torques give rise to a distortion. In the
In particular, the sample thickness and the surface treatmeﬁ?se of finite anchoring strengths, the anchoring at the surfaces is no

ired to b i dh ib onger planar. The zenithal extrapolation lengthis defined as the
are requllre o be a.s unl_orm an . OMOYENEoUS as POSSIDi§isiance between the real surface of the sample and a virtual one
In practice, the uniformity conditions of the sample are

. o . where the director is once again planar.
rarely realized. This is a supplementary cause of experimen-

tal errors. Moreover, the capacity measurements are not reqy of the director at the surface is no longer plapam,

ally standard, since _they have to be performed_in the pres= 0s— 6(£d/2)>0]. One can then extrapolate the distortion

ence of the electric field, generally alternative, whichgom the real surface to a virtual one where the anchoring is

produces the torque and therefore the distortion. once again planar and infinitely strofigig. 1). The distance
_We propose here a local method for measuring the Z€peqyeen the two surfaces is defined as the zenithal extrapo-

nithal anchoring strength in the small torques limit, that| ;ion lengthé, . It is related, in first approximatiof26], to

therefore avoids the problems related to high electric ﬁeld§he anchoring strength coefficiet , and to the bend elastic

and to the nonuniformity of the sample thickness or the Sur'constaan33, by the equationt ;=K s3/E, .

face treatment. Essentially, we determine the director distor- At a given applied voltag¥/, the director distortiord(z)
tion inside the sample on measuring the optical path differ-ls determined from minimizati,on of the free energy per unit
ence as a function of the applied voltage above thearea of the samplE26]:

Fredericks transition, in a small area of the sample. We then

extrapolate the distortion out of the sample limits to deduce dr2
the extrapolation length and the zenithal anchoring strength. F= J_dlz(felast+ felecd dZ+2 fsu (A 6s). .y
Il. PRINCIPLE OF THE LOCAL METHOD In this expressionf,is the coupling energy of the NLC to

the substrate. Following Rapini and PapouRP) [49], fg,
Before entering into the details of our experimental pro-may be approximated to the first order in the variations of the
cedure for measuring the anchoring strength, let us firstlirector orientation at the surfaces §,<1) by
quickly recall the relationship that exists between the nem-
atic distortion, the extrapolation length, and the optical path
difference in normal incidence. We then discuss the way to
perform the calculations.

1 2
four=7 Ea 6, @)

whereE, is the anchoring strength coefficient. Let us notice
that the RP approximation is not very restrictive, since ex-
perimentally it is justified up to a wide range of angle varia-
We consider a sample of NLC with positive dielectric tions, typicallyA 6,< 7/6 (see, for instance, Reff44]).

A. Free energy

anisotropyes,, between two parallel substrateszat +d/2, The electric energy density is given by the relation
uniformly and identically treated, with parallel easy direc-

tions (¢=0). The NLC director in the cell isn 1 1 Cc2v?

=(sing,0,cosd). Assuming translational symmetry in the fe'ethED'E:_E e(0)’ 3

horizontal plane, we restrict the problem to one dimension,

6=6(z). We also assume that the NLC is perfectly insulat-where £(6) =gq(g, cog 6+¢, sir? ), e, and e, being the
ing and that the anchoring is uniformly plandrds  relative dielectric constants of the NLC f& parallel and

= 0(*=d/2)= /2] in the absence of external fields. An elec- perpendicular ton, respectively. According to Maxwell’'s
tric field is then applied perpendicular to the surfaces. At lowequations, the electric displacemdhtkeeps constant over
voltages, below the Frederiks thresh@l8], the NLC keeps the whole sample and, since the electric fiélchas to be
everywhere oriented along the axis. For higher voltages normal to the electrodes, its orientation is in general not
than the threshold, one observes a distortion in the NLC celilongz. Its zcomponent is related to the electric poten¥al

as the nematic molecules tend to align along the electriby the relationD,=CV, whereC is the sample capacity per
field. If then the anchoring has a finite strength, the orientaunit area:
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B 1 B gole)—e,)V? B C?d?
C—fdlz—l (4) B——Kdz—, a(a)—m (7)
dz
~ar2 £(0)

The boundary condition a&=d/2 is given by

Expression(4) is integrated over the whole distortion fourt de
0(z). As we shall see below, the exact expression of the W=K(1—Xcos 20)5 , (8
distortion 6(z) can be calculated only numerically. The inte- z=d/2

gration(4) has therefore to be performed numerically also, so . o

that C and the electric energ§8) cannot be determined ex- which expresses the torque equilibrium at the surface of the

actly before the distortion is known. Practically, we proceedSubstrate. . _ _ .

with the calculation of the distortion in at least two steps. In _The distortion6(z) is then obtained on integrating the

the first one, we neglect the sample distortion and approxidifferential equation(6). This second integration cannot be

mate the electric energy on considering that the electric fielderformed analytically, only numerically, and as discussed

is constant inside the cell, and simply equaMtd. In this above, we start the calculation from the center of the cell

manner, we get a first approximation of the NLC distortionWith the filt angle6,. However, due to symmetry, the cell

that we use in a further step to calculaeand the electric center is an inflexion point in the-field line, which imposes

energy, more correctly. the conditiond#/dz|,—,=0. This relation clearly prevents us
Due to our particular experimental conditions, the distor-t0 Prime the numerical calculation directly from E@). To

tion involved in the sample is limited to the plane, with ~ €Scape the problem, we start the integration by means of an

only splay and bend contributions. The elastic energy densit§*Pansion of Eq(6) valid close toz=0. The distortion may
may then be expressed as hen be calculated to the lowest orderzias

1 a( 00)8 sin 200 2

=0+~ .
0(2)=60t 3 1—xcos2, °

1 90\?
foias= 5 K(1x cOS 26)(5) , ) ©

Then, as soon ald#/dz is sufficiently different from
where K= (Kq;+K39)/2, x=(K1;—K3g)/2K, Ky; and K33 zero, the numerical integration of E¢6) can begin nor-
being the splay and bend elastic constants of the NLC. Notgally. Practically, expressiof) is used in the ranged(z)
that the surfacelike splay-bend elastic ternKig is not in-  — g,| <10 * rad only.
cluded here in the elastic energy density since, as recently Let us notice that, due to the distortion, a flexoelectric
shown[50,51] this term does not exist in fact. Several argu-coupling arises between the applied electric field and the
ments have been proposed to justify tKat is zero. In par-  polarization induced by the distortion. This flexoelectric ef-
ticular, this elastic coefficient would surprizingly lead to afect cannot be introduced in the first run of the calculation,
distorted ground state of the NLC cell in the absence of angince the distortion is unknown yet. This is done in the fur-
applied field. The surfacelike saddle-splay elastic term withther runs by means of a renormalization of the elastic con-
the K,, coefficient is also null here due to the one- stant, according to the expressiB2]
dimensional nature of the problem.

(e1+e3)”

K(6)=(K— 6K +———"sirf2 1
B. Determination of the NLC distortion (0)=( cos ) 4e(0) s! 6, (10

We may now minimize free ener and calculate the .
y g wheree; ande; are the flexoelectric constants of the NLC.

equilibrium distortion in the cell submitted to an electric field . .
E. Before doing this, let us notice that the distortion aboveSO’ because the two correctiong6) in Eq. (6) andK(6)

the Frederiks threshold, is symmetric because of the symméa—rea priori unknown, the calculation of the distortion needs
try of both the cell and t’he field, so théz) = — 6(—z). The several numerical runs. The calculations are thus performed

calculations may therefore be restricted to the domain in a loop, until the distortion stabilizes within an accuracy of

3 . B
e[0,d/2]. For practical reasons, we choose to start the integt least 107 rad in the tilt angle onto the substrafg;,

gration from the center of the cdlat z=0). The anchoring _ _

strength onto the surfaces being unknown at this stage, C. Zenithal extrapolation length

boundary conditions have to be assumed to perform the cal- once the exact distortiofi(z) is calculated, we determine
culation of the distortion. We thus choose the starting valugne zenithal extrapolation length,, on simply continuing
of the angle at the center of the cell, to BED)=6o. FOl-  the calculation of the distortion in the range d/2, but with
lowing the usual method, the integration is performed in tWozerg electric field, untilz* where the director retrieves the
steps. First the Euler-Lagrange equation is obtained and iNpitial orientation at the surfaced(z*) = 6. According to

tegrated to yield definition, the extrapolation length ig=z* —d/2. One may
90 co€ ,—cod |12 equalently determing, on writing the equilibrium condi- _
—=|a(§)B———r—| , (6) tion between the surface and the volume torques. Equating
0z 1-xcos2 the surface torqud; s= E,A 6, in the RP approximation, and

the volume torqud’,, obtained on integrating the electric
whereB and «(6) are defined as torque
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FIG. 2. A PTFE barhatched is rubbed on an ITO coated glass
plate at a speed~0.2 mm/s, temperature-230 °C, and with a
pressure~ 10 bar. A thin PTFE film(thick line) is deposited in this
way with most of its fluorinate chains aligned along the friction
direction.

FIG. 3. Typical photographfaa 5 CB samplébetween crossed

ry= jd/2| P. E|dz= Jdlzi a(0)BK(6) £(6o) sin 26dz, polarizers(A andP). The orientation is uniformly planar with, how-

0 0o 2 e(0) ever, stripes along the rubbing direction that probably correspond to
(11 different thicknesses in the PTFE layer.
we finally deduce the zenithal extrapolation length: placed in an electric thermostéfrom Insted in which the

2K AG tem_pe'rature is sta_bilized to with'rnlo.mK'. The quuiq crys-

£p= 7S ) (120  tal is introduced in the cell by capillarity in th_e isotropic

B 2a( 0)K(6) &(p)sin 20 , phase and heated up afl5 K beyond the nematic-isotropic
0 e(6) transition, to avoid parasitic memory effects onto the anchor-

ing, due to the shear flows produced during the cell filling.
Knowing the distortion inside the cell, we may now cal- Uniformly oriented nematic cells are obtained with this pro-
culate the optical path differencg. between the ordinary cedure(Fig. 3). They exhibit a planar anchoring with an
and the extraordinary rays that pass through the sample. lazimuthal orientation parallel to the PTFE friction direction,
normal incidence and for our planar distortion, restricted toas already reported for this type of surfddd].
thexz plane, the Maxwell's equations yield the usual expres- We perform the anchoring measurements with two resem-
sion, which is therefore exact contrarily to what in some-bling compounds, 5 C&-cyano-4-n-pentylbiphenyl) and

times assertef#] (see the Appendix 5 OCB(4-cyano-4-n-pentyloxybipheny), to test the effect
on the anchoring properties, of the oxygen atom located

_ [ue NoNe about in the middle of the moleculéig. 4). Both com-
Ocalc™ a2\ JnZsiPo+nZcod 0 No|dz. (13 pounds are cyanobiphenyls with strong positive dielectric

anisotropies, which make them easy to align with an electric
In this manner, and with the help of some NLC physicalﬁeld- The temperatures of the nematic-isotropic transitions

parameters such as the optical indices and the elastic cofit® Tn-1=34.5°C for 5 CBTy ., =67.5°C for 5 OCB. One

stants, we get the optical path differengg,. as a function of ~commonly observes narrow birefringent stripes10 um

the angled, chosen in the center of the cell. By comparisonlarge) parallel to the PTFE deposition direction under polar-

to the measured optical path differendg,;, we finally de- izing microscope. These stripes are not visible before intro-

termine the distortion of the NLC cell and the extrapolationducing the NLC, and typically persist up tel5 K above the

length at the surfaces, as functions of the applied voliage nematic-isotropic transition. They correspond to scratches in
the PFTE film with probably a reduced thickness. The fact

L. EXPERIMENTS that they persist at temperatures above the nematic-isotropic

A. Samples 5C B
Poly(tetrafluoroethylene (PTFE films are deposited on

ITO coated glass platesquare resistance 100 (), thick-
ness~25 nm by means of hot frictionFig. 2), following @ CN
the procedure developed by Wittman and SnjiB]. The

deposition is made twice in order to assure a good uniformity

of the alignment. Measurement cells are then prepared, with

the two plates in the parallébr indifferently anti-parallél

azimuthal orientation. Silica spheres 66 um are used as SOCB

spacers in-between, and an effective surfadecnt is left

for the NLC sample. The parallelism of the plates is carefully NN 0 CN
adjusted by controlling the pressure exerted by four screws at

the corners of the cell, and by observing the equal-thickness

interference fringes with Hg lightl1]. Epoxy glue is then FIG. 4. 5 CB and 5 OCB molecules. They differ from each other
used to permanently fix the cell plates. The sample cells arby only one oxygen atom.
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transition seems to indicate that the nematic contact layer is 1250 1250
highly ordered in these places, and that it needs a stronger 100 . 1000
entropy to go in the isotropic phase. g 7501 . 750
B. Parameters & 500 : 500

In order to determine the zenithal extrapolation length w00 250 I
(Sec. I, one first measures the optical path differedgg, O s 0 05 1o s
in a uniformly oriented nematic celSec. Il A) as a function V(v) (V)
of the applied voltagd/. One then calculates the distortion
in the cell and for that, one has to know several physical (o) (b)

parameters with an equilibrated precision. From a sensibility _ ) . .
study of&, on the different physical parameters, we observe FIG. 5. Optical p.ath dlffel_re_ncéexpt as a function of the ap_plled
that they "are not all equally important for the q’uality of the voltage. The Frederiks transitions are generally not well defined and

t We th lect f it often appear to be smoothed a little bit with nonvertical slopes at
measurement. Ye thus select a group of Nonsensiiive parany-_ V. (@) General view(b) Zoom at the transition region. A fit of
eters, which are the relative dielectric constasjtande  ,

h . . ] . a power law with a% exponent(solid line), is performed onto the
the ordinary optical index,, the ratio _Of the NLC elastic experimental data to get a better determination of the threshold
constantsK 33/K 4, and the flexoelectric constaet +e;. (arrow).

These parameters can just be taken from literafttifie-59.
For example, for 5 CB at a temperatux@ =7.5K below the  pletely reversible and exhibits no hysteresis. One also ob-
isotropic transition, we find;=10.72,e, =7.05,ng=1.54,  serves that the transition is not as well defined as in theory.
Ks3/K11=1.53,€;+e3=5%x10"°Cm™% The slope at transition in Fig. 5, clearly differs from vertical.
At the opposite, the other parameters of the déile  This difficulty in determining the Frederiks threshold di-
sample thickness, the NLC birefringence, the anchoring tilrectly, has already been reported by different auth@@s61].
and the ratiok4/e,) which play a predominant role in the In our case, it is probably due to local variations in the di-
calculation of the distortion, have to be determined all therector orientation which are induced by substrate irregulari-
more carefully than their relative errors propagate to the exties as mentioned above about the birefringent stripes. Al-
trapolation length with an amplification factor of 2 to 3. The though the measurements of the optical path differences are
thickness of the empty cells is measured after solidificatiortaken in a region as far as possible from the stripes, between
of the glue, with a precision-0.1 um, by measuring the two of them, they nevertheless can slightly be affected close
distance between the Michelson-like interference fringes proto the transition because the sample there becomes critically
duced by a He-Ne laser beam diffused close to the[ &4l sensitive to small perturbations. In a first attempt to avoid
Typical thicknesses are in the range of 544, so thatdis  such a difficulty in determining the voltage threshadlg,
known to within a relative erroAd~1-2 %. The NLC bi- accurately, one may fit a parabolic law, characteristic of the
refringence and the anchoring tilt anglg are determined in  second-order mean-field transitions as generally are the Fre-
each cell before applying the electric field, by means of in-deriks transitions, onto the experimental data as shown in
terferometry measurements equivalent to conoscldpy. Fig. 5(b). However, though improved, thé;, measurements
The measurements are performed in the same experimentalbtained in this manner, do not generally lead to precise
conditions (temperature, NLC, surface treatmerds the determinations of the anchoring strengths.
electro-optic measurements themselves, to reduce the experi-
mental errors which typically are-1°. The ratioKq;/¢e,, D. Criterions for Vy, determination

which directly measures the elastic torque relative to the To determine th tete. with a bett cUracy. we
electric one, is particularly sensitive, and needs to be care; 0 determin€ e parameteg, with a betler accuracy, w

fully determined. It may be deduced from the measurementtherefore prefer to use a simple criterion, based on the analy-

of the Frederiks thresholdy,, through the relation, valid for sis of the variafcions of the calculated extrap.olati'on Iength
planar strong anchoringd/y = m(Ky1/e.,) "2 More gener- versus the applied voltage. In the RP approximation, which

ally, it may be obtained from a stability criterion concerning is valid at least for not too large ilt changes onto the sub-

o - : trate,A 6, the anchoring coefficier, is a constant. The
tion length with volta@ec. strate,A s, ) a
meD\;arlatlons of the extrapola 9 zenithal extrapolation length,(=K,4/E,) should therefore

be independent of the applied torques, i.e., of the applied
electric field. As shown in Fig. 6, the calculated extrapola-
tion lengthsé (V) exhibit variations with voltage which de-

The optical path difference,,,; is measured in white pend on the threshold valué;, chosen for the calculations.
light by means of a tilting compensatfireica), as a function On selecting the value which yields an extrapolation length
of the ac applied voltage at frequenty: 10 kHz. A capacity roughly independent ofV, we determine the Frederiks
filter is placed in the circuit in order to suppress parasitic dahresholdVy, (i.e., equivalently the rati&,,/e,) and conse-
voltages from the ac signal, and to avoid electrolysis effectsquently, the extrapolation length,, with a better accuracy.

In Fig. 5(a) are shown typical measurements of the optical In the case of planar anchorings, the above criterion may
phase difference,,,; as a function of the r.m.s. voltagé  be presented differently. Due to symmetry, the extrapolation
(for the 5 CB-PTFE interface &T=7.5K). One can see the length is then an even function of the tilt change onto the
Frederiks transition and the associated rapid decrease in tlsebstrateA 05, i.e., at the lowest orderé, is a constant,
optical phase difference with voltage. This behavior is com-independent ol/. Moreover, in the RP approximation, the

C. Electro-optic measurements
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60 ' ; ' ; ; E. Experimental discussions

A total compensation of the path difference due to the
o o sample, is easily achieved in the first order of the interfer-
40r °©, © o200 ] ence, simultaneously for all visible wavelengths. One then
observes a precise black fringe. The path difference is thus
x x X = | measured with a precision of1 nm, i.e., with a relative
] accuracy better than 5%, except close to the anchoring break-
® et . | ing region where the optical path difference gets null. In the
. case of higher optical path differences which are obtained for
0 - : : : . thick samples at low voltages, one observes higher orders of
(V) interference. Unfortunately then, the dispersion propert.ies of
the NLC and of the compensator are different. The fringes
FIG. 6. Zenithal extrapolation lengths calculated with different@re colored and thick, and the compensation tuning which
values of the Frederiks voltage, (V,y—0.67, 0.74, and 0.81 v, Slightly depends on the wavelength, cannot be realized accu-
close dots, crosses, and open dots, respec}i\@{yfunctions of the rately. To solve the problem, one could use color filters, but
applied voltage for the 5 CB-PTFE interfacesT=7.5K. They then, the light becomes insufficient to make good measures.
exhibit positive(negative variations with the applied voltage, de- So, we choose to determine the extrapolation length in the
pending on the too higlilow) V,, values chosen for the calcula- first interference order only. This also makes us to avoid the
tions. Noticing that, in the RP approximation, the extrapolationcritical region of the Frederiks transition, where the sensitiv-
length should be independent of the applied voltage, we deduce ity of the sample diverges and increases the experimental
simple criterion for determining the correct value ¢y, and con-  errors.
secutively, for the zenithal extrapolation length. Hegg=30 Another source of problems in the electro-optic measure-
+5nm. ments, arises from the ions that the nematic medium gener-
ally contains. At large concentrations, they can screen the
tilt change at the interfack 65 being proportional to the total €lectrodes from the applied electric field. The electric field
electric torque, is also proportional & times the correla- effect!vgly recelvgd inside the nematic cell, is then reduced
tion length €=~ 1/E), i.e., A 6, is simply proportional to the and d|ff|cuItI to estimate. In such a case, the measurements of
ghe anchoring strength should be erroneous. However, we
may consider that the screening effect of the ions in the cell
is negligible if the Debye lengthy, is larger than the sample
thicknessd. The Debye length for monovalent ions is given
by the relation

& (M)

20}

applied electric voltage. In Fig. 7 are shown the tilt change
onto the substratd 65 versus the applied voltage. They are
calculated from the experimental data of Fig. 5, with the
same threshold voltages as in Fig.\,=0.67, 0.74, and
0.81 V(close dots, crosses, and open dots, respecjivEhe
data in the vicinity of the Frederiks transition are excluded to [e0ekT
avoid the systematic errors denoted above. The solid lines Lp= one?’
depict the linear least squares fittings in the three cases, re-

spectively. Clearly, within the experimental errors, the inter-herek is Boltzmann constant, is the temperatures is the
mediate valueVy,=0.74V yields proportionality variations electronic charge, and the ion density. Knowing the ion
betweenA 65 andV, while the two others do not. Such be- mopility « in the NLC (in the case of 5 CBu=3.5
haviors are consistent with the above discussion, and may be10 % cn?V's ! [62]) and measuring the NLC resistivity

used as a variant criterion for determining the threshold, one determines the ion density, using the relation
valueVy, or the ratioK;/e,, in the case of planar anchor-

ings. B kT_ kT
N=Nogev ™ 2pe’u’

(14)

(15

Typically, we haveny,~0.4 mol/n? and a Debye screen-
ing lengthLp~15um>d. For example, for a sample thick-
ness of 7.5um, this corresponds to a reduction of the electric
field inside the cell of~ 1%, and thus to a negligible screen-
ing effect. So, our samples may be considered to be in the
pure dielectric regime. In the opposite cadey&d), one
should have to make corrections corresponding to the con-
duction regimg52].

AO (rad)

F. Experimental results

Vi{v)

We measure the zenithal extrapolation length of the 5
FIG. 7. Tilt changes onto the substratef,, calculated for the CB-PTFE and PTFE-5 OCB interfaces at different tempera-
experimental data of Fig. 5, as functions of the applied voltage witHures, using the method described above. On the 5 CB-PTFE
V,=0.67, 0.74, and 0.81 \(close dots, crosses, and open dots, interface far from the nematic-isotropic transition, the ze-
respectively, and least-squares fits of linear behavi@slid lines. nithal extrapolation length is found to be rather smd},
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100 sitions. However, in order to limit the electrolysis effects and
] to preserve the sample from pollution with too many ions, it
3 is better to avoid the region of the high electric fields. If the
1 voltage is restricted to low values enough for the RP ap-
°© & 5 o proximation be validwhich roughly corresponds to the con-
] dition A ;< 7r/6), one may at the same time, take profit of a
0L ‘ second advantage. One may then directly determine one of
8 6 4 2 0 the most sensitive parameters, the rétiq/e,, by using the
AT(K) criterion of a constant extrapolation length calculated as a
function of V, or equivalently by testing the proportionality
of the tilt change onto the substrai@g, with V (Sec. 11l D).

g (NM)
(8,1
o

FIG. 8. Zenithal extrapolation length as a function of tempera-

ture for the 5 CB-PTFE interfacéopen dots The anchoring Th ts of th ithal ext lation | th
strength is found to be strong and independent of temperature, ex- he m%aglg_?_g]Een Sdo O%éeFr’]'ll'FaE _ex r?po a 'gn he.n%. S
cept close to the nematic-isotropic transition where it noticeabl or the 5 . and 5 ) interfaces poth indi-

decreaseslarger ¢,). The anchoring strength is about twice larger pate s_trong gnchoring strengt_hs far from the nematic-
at the 5 OCB-PTFE interfaclose dol. isotropic transition, with respectively,,=30+5 nm and¢,
=15*5 nm for the 5 CB-PTFE and 5 OCB-PTFE interfaces.

—30+5 nm, which corresponds to an anchoring strength CO:I'he zenithal anchoring strengths are found to be independent

. 5 . ~of temperature, except close to the nematic-isotropic transi-
gr]:fz)crliimsiﬁenl?h o;‘]/SméBTcr)]r?tZeP\'/rthleeiz ';;g:ﬁ::isthoant gﬁ]an tion where a pretransitional behavior is observed. More re-
(60 nn% thickgﬁlm deposited at an incidence angle of)60° markably, the presence of an oxygen atom in the core of the

. P - ing NLC molecule enhances the anchoring strength, probably
and twice as strong as on plasma modified silane, far fro

the homeotropic o planar transitigaL]. The same measure- "ue to the enhancement of its van der Waals and London
pi p i : u interactions with the PTFE substrate.

ments are repeated as functions of temperature. They indi- In conclusion, the method presented here for measuring

cate that except close to the nematic-isotropic transition, thﬁqe zenithal anchoring strengths may be compared with ben-

anchc::mg keeps Lqughly |hndependv_anF of ter_nperat&n_g. efit to the other available types of measurements, the anchor-
.8)' W en approaching to the nematic-isotropic transition Or\ng breaking method, the wedge-cell technique, the Frederiks
increasing temperature, one observes a quasicritical Weakeﬂ’ansition technique, and the high electric field technique
ing of the anchoring strength. This pretransitional behaViorAlthough the methoé described here. is a less direct metho.d
of the anchoring strength has already been reported on oth ’

interfaceq14,41], and is probably due to the decrease of the‘aE requires a PC program to determine the NLC distortion

orientational order parameter at the interface and the knowledge of some of the NLC physical param-
The same measurements performed at the 5 OCB-PTF erg, it has several advantages when compared to the other

interface exhibit similar behaviors, but with a twice stronger—n <> Essentially, it is a local method, so that the results are
anchoring strength. Far from the ﬁematic to isotropic tra%si—nOt affected by inhomogeinities in the thickness or in the
9 gth. P surface treatment of the cell. Furthermore, there is no need of

g?]r’ thi igrxﬂalgeﬁ;agokl)aet&n .Ioern%ﬂl(')snsmset’:ﬁ?re_?ht?h\gorgf}neasurements of capacitance under electric field, and there is
mai/kgfr;alt the é trl; oxvaen a\;:)ml'ncreasles théNld' ole ma® limitation on the sample thickness. Let us also notice that
X xyg : P %he method essentially weighs the surface torque, and that

ment and the polarizability of the 5 OCB molecules, andthe limitation to the low voltages is not necessary. However,

therefore reinforces their van der Waals and London interagg, .+ 1o voltages are limited in order that the RP approxi-

;c;nskté)k;[:\oens?ﬁstrate. I-grf;r?tZra rg'nogﬁh:tg?f n tt::e n:i)lﬁac?rhation be valid, the data analysis may substantially be sim-
s ’ supp Yy 0xyg IS thus lified on using a stability criterion. The zenithal anchoring

change the anchoring strength by a factor as large as 2. The ength is then measured in the range of the small torques

measurements of strong zenithal anchorings of nematic qué s
. ) ) “complementary to the range of other known techniqhégsh
uid crystals onto PTFE alignment layers, confirm the quali- P Y g q

tative observations previously reported by different authorﬁﬁgﬁi\/;'ﬁ(ldcl (’:tg(;htrcl)lqtﬁg air::(:lo?igzhg;:engkir?g;eakmg mefhod
[63,64]. i

Let us finally remark that the method presented here may
be extended to pretilted anchoring&¢ =/2). In this case,
the main features for determining the zenithal anchoring

A local method for measuring the zenithal anchoringSFr.ength keep essgntially the same, though the Frederiks tran-
strength is proposed. The method is essentially based on tfféion does not exist any more. Its threshold cannot be used
measurement of optical path differences across a NLC celP determine the parametér;,/z,. One may nevertheless
submitted to different applied voltages, and on the calcula@Pply the criterion of a constant zenithal anchoring length as
tions of the subsequent distortions. Only a few physical pa@ function of voltage(as in Sec. llIC and Fig. )6 if one
rameters of the NLC cell, the sample thickness, the NLCestricts the measurements to vqltages low enough to keep in
birefringence, the anchoring tilt and the ra#g,/e,, have the range of the RP approximation.
to be known accurately to calculate the distortions correctly,
and consequently to determine the zenithal anchoring
strength. In principle, the measurements of the optical path
differences can be performed satisfactorily in a wide range of Joa G. Fonseca thanks the Portuguese Government for
voltages, from the Fredericks to the anchoring breaking tranGrant No. PRAXIS XXI BD/9178/96.
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APPENDIX: LIGHT PATH DIFFERENCE 2
IN NORMAL INCIDENCE wZNODx_(E) E,=0, (A2)

The expression for the optical path difference in normal
incidence, Eq(13), is genera”y obtained from a Jones ma- WhereEx is thex Component of the electric field of ||ght and
trix calculation, and is then considergt] to be an approxi- D is the electrical displacement given by
mation, only valid forh <& . Let us stress here that, in fact,
this equation is exact and valid for any valuegf. It may D=gge E+eoAe(E-n)n. (A3)
be shown as follows.

The electromagnetic wave which propagates alngay Due to .thv_e co_ntinuity conditions at the interfaces, we have
be written as D,=0. Eliminating thenD,, E, and E, from these three

equations, we easily calculaté®/5z) and deduce Eq13):
{E,D,B}={Eo,Dq,Botexp{j[®(2) —wt]}, (A1)

dr2
From the Maxwell equations, we deduce that it satisfies to 5ca,c=f ( T fofe > —nNg|dz.
the relation ~dr2\ ngsir? 6+ nj cos 0
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