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We use the Landau—de Gennes model to study theoretically the effect of the magnitude of the spontaneous
polarization Pg), the ratio(r) between the equilibrium layer tilt and the smectic cone angle, the thickness of
the insulating alignment layers and the strength of the polar and nonpolar surface anchoring on the director and
layer structure in surface-stabilized ferroelectric liquid crystal cells with the chevron structure of smectic
layers. The system shows a surprising number of stable structures, accompanied by one or two metastable ones.
At Pg greater than the critical value only quasimonostable structures, which can exhibit the thresholdless
(V-shaped switching, exist at alt and both at weak and strong polar surface anchoring. At Id&®udristable
and monostable structures can coexist. Bistable structures can be expected mtlbwgtPs and if polar
surface anchoring is weaker than the nonpolar one. Lowering therratid/or increasing the strength of polar
anchoring promotes the stability of monostable structures. Thicker insulating alignment layers also drive the
system into the monostable state. Polar surface anchoring induces a large surface electroclinic effect. As a
result the nematic deformations close to the surfaces are very strong and the stress is relieved by bending of the
smectic layers. This leads to the formation of a double chevron structure which is stable at very large polar
anchoring and due to the surface electroclinic effect it is metastable also at lower values of polar anchoring.
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I. INTRODUCTION much smaller than the optical tilt angle. .
In the present work we extend the study abpit et al.

The chevron structuréFig. 1) of the smectic layers is a [12] to the SSFLC cells with a chevron structure of smectic
well known characteristic of most surface-stabilized cellslayers. We study theoretically the effect of the magnitude of
filled with ferroelectric smecti€* liquid crystal[1,2]. These the spontaneous polarization, the ratio between the equilib-
cells in general exhibit two stable director states. They cafium layer tilt and the smectic cone angle, the thickness of
be switched between them by an external voltage applied tthe insulating alignment layers, and the strength of the polar

the cell. Switching occurs only at fields stronger than the2"d nonpolar surface anchoring on the director and layer

threshold field because the director rotation is accompaniedi'Ucture in such cells. We use the model put forward by the

by a significant increase in the elastic energy around th@resent authors and co-workgfs3] and modify it so that it
chevron tip[3]. The bistability of such cells does not allow
the realization of the gray scale. The latter requires thresh-
oldless switching, the mechanism of which is still under dis-
cussion. It is also debated whether thresholdless switching is
an intrinsic [4] or an apparenf5] phenomenon. At first
thresholdless switching has been attributed to antiferroelec-
tricity in planar smectic liquid crystal cel[$]. In theoretical
modeling the V-shaped switching was related to strong polar
anchoring of the antiferroelectric liquid crystal to polymer
aligning layers[7,8]. However, it has recently been shown
that the V-shaped switching is a feature of the surface-
stabilized ferroelectric liquid crystdSSFLQ cells[9], that

it is of the electrostatic origifl0], and that the reorientation

of the optic axis is du_e to th.e direc“’f rOtati.on o.n the smectic FIG. 1. The chevron structure in a SSFLC ceéllis the cell
cone[9,11]. I_n gells filled with materials with high sponta- thicknessa is the thickness of the insulating alignment layat,is
neous polarization, monostable structures can be expectegh smectic layer thickness in the smediphased, is the smec-
due to the polarization self-interaction, accompanied by thgic jayer thickness in the bulk smeci@*, » is the direction of the
strong surface anchoring and the influence of the insulatingormal to the smectic layes, is the smectic layer tilt is the cone
alignment layer. The phenomenon has recently been consig@ngle, determines the director position on the smectic cone. The
ered theoretically12] in a bookshelf geometry of the smec- nematic director is presented by the thick line with a circle at the
tic layers. The bookshelf geometry is a reasonable first apend. The arrow presents the direction of the spontaneous polariza-
proximation since the layer tilt angle in such cells is usuallytion.
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is applicable to the systems with spontaneous polarizatiofl3]. The parametec, is temperature dependent. It is posi-
and varying ratio between the equilibrium layer tilt and thetive in the smecticA phase and it is negative in the smectic-
smectic cone angle. The model is presented in Sec. Il to€* phase. The parametgp has to be chosen such that the
gether with a short insight into the numerical calculations. Incompressibility term in the smectic free energy denfie
Sec. Il we discuss qualitatively the competing effects whichfirst term in Eq.(1)] is zero both in the bulk smectig-phase
determine the director and layer structure. Due to the numemnd in the successive smec@é-phase. In the bulk smectic-
ous competing effects we predict a number of possible struca phase the director is parallel to the smectic layer normal
tures which are subsequently obtained by the numericadnd the compressibility term is zero if the layer thickness
analysis, the results of which are presented in Sec. IV. Fiequalsd, . In the bulk smectic€* phase the director tilt with
na”y, in Sec. V we draw some brief conclusions. respect to the |ayer normal /i%B: arctan/|cl|/(2Dq02) [13]
In general, the layer thickness in the sme@itphase is
IIl. MODEL
. . _ dc=dxcosr Jg, (2)
The geometrical model of the cell structure is shown in
Fig. 1. The cell of thicknesk is formed by two conducting \here the value of the parameteis between 0 and 1. If
electrodes that are separated from the liquid crystal by ap—q the material is called an ideal de Vries material in
insulating alignment layer of thickness The electrodes lie hjch there is no layer shrinkage at the transition from the
in theyz plane. The smectic layer thickness required by thesmecticA to the smectic=* phase. Ifr=1, we describe a
surface isd, the layer thickness preferred by the bulk material withde=dcosdg. In our previous work we have
smecticC” is dc . The smectic layer normal is denoted By considered only the latter materials. Although the most com-
nis the director; is the smectic cone angle and the angle mon values of are between 0.8 and 0.9, the approximation
determines the director position on the cone. Structure with — 1 gjjowed us to describe most of the important character-
no director tilt in they direction is monostable. In general the jiics of the surface stabilized smec@ceells with a chevron
director is tilted in they direction and the structure is gty cture. However, in materials which exhibit thresholdless

bistable. In the figure the director is tilted in thedirection,  gyitchingr is usually closer to 0 than 1 and for a typical
however the structure with the tilt in the positiyedirection 1 -iarial like W41514] it is ~0.2.

ig also possible. The ferroelectric polarizatiBnis perpen- To meet all the above mentioned requirements for the

dicular to the _Iayer_normal and_the direct®?=PyvrXn, compressibility term we choose

where Pg= Pgsindg is the magnitude of the spontaneous

polarization in the bulk liquid crystal. We assume that all cosdg

variables are functions of the coordinatenly. Qo= %A cosr 9. ©)
The free energy consists of the bulk and surface contribu- B

tions. The_bulk free energy de_nsit}cons_ists_ of the nematic whereq=27/d, . In the bulk smecticS* in which the lay-
fn, smecticfs and electrostatid, contributions. In a one- 5.« 1 n along the z direction, we can express

constantK nematic approximation the nematic contribution &(r)=272/dc andn=(0,sindg,cosd). It is then straight-

IS forward to show that the compressibility term in @) is
1 zero if the condition(2) is satisfied.
f,==K(V-n]?+(Vxn)?). In SSFLC cells the equilibrium layer tilt angle5€) is
2 such that the smectic layer thickness at the surfacg snd
inside the cell it isd¢ . It is easily seen thagéz=rJg, SO in
the chevron geometry the parametgoresents the ratio be-
€veen the equilibrium layer tilt and the bulk value of the
smectic cone angle.
_ s 2 2 2,12 The total electric field inside the liquid crystal consists of
fs= C”|(n'v 190) 1%+, [nX V4| *+ D|(nx V)% .(1) the field due to the surface charge at the electrdgties we
call the external electric fie)dthe electric field in the insu-
The Comp|ex smectic order paramewris Spatia”y depen_ Iating alignment Iayers and the electric field due to the Spa-
dent, tially varying polarization inside liquid crystal. Since the
ferroelectric polarization is a function of thecoordinate
#(r)=ngexpi ¢(r)), only, the resulting electric field has a component along the
x-axis only,Ep=—P,/(gg), whereP, is thex component
where 7g is the magnitude of the smectic order parametelof the spontaneous polarization. The external electric field
which we assume to be constant and equal to its value ialso points along thex direction and its magnitude is
bulk smectic€*. The phase factog(r) determines the po- E,,=o/(se,), Whereo is the surface charge density on the
sition of smectic layers. The smectic layer normal is definectlectrodes. The electric field strength inside the insulating
asv=Va(r)/|Ve(r)|. alignment layer of thicknesa is Eqio=0/(gg,). We have
The parameters;|, ¢, , andD in Eq. (1) are related to the assumed an isotropic dielectric tensor and that the dielectric
smectic elastic constants. The de Gennes smectic layer corstrengths of the insulating alignment layer and the liquid
pressibility elastic constar is related toc, asBchqéné crystal are the same. If different dielectric strengths were

The smectic contribution to the free energy densitg] is
expressed in terms of the nematic director and the compl
smectic order parameter,
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chosen for the liquid crystal and the insulating alignmentW,<W,, there are two minima and at¥,>W,, there is
layers this would merely change the effective thickness obnly one minimum ato= 7/2. So if polar anchoring is stron-

the insulating alignment layers. ger than nonpolar anchoring one can expect only one stable
The electrostatic contribution to the free energy density istructure and at lower polar anchoring two different struc-
[12] tures can coexiste.g., one monostable and one bistable
) We also note that the chevron tip can be regarded as an
¢ 1 E2 P b E " internal surface with nonpolar surface anchoring because in
e~ 7 &80 ext 288, < OXU order to reduce the nematic deformations around the chevron

tip o= = /2 is preferred around the chevron tip as will be
The first term is the free energy density due to the inducedjiscussed in more detail in Sec. Ill.

dipoles, the second term presents the self-electrostatic energy
due to the spatial variation of the spontaneous polarization,

and the third term is the interaction of the spontaneous po- ] . )
larization with the external electric field. Since we have a The numerical calculations are performed in #yez co-

voltageV applied to the surface electrodes, the internal elecOrdinate system. The director is expressed by its components
tric field is such that along thex, y, andz axes. The director is a function of the

x-coordinate only,

L2 pP,dx
————+J =V. n(x) = (k(x),l(x),m(x)), (7

-LI2 €€Q

Numerical calculations

_ _ __wherem=(1—-k?—1%)2, becausgn(x)|=1. The smectic
We thus see that even if the voltage applied to the cell is zerg,yqr parameter phase factor is

there is a net surface charge

#(X,2) =qa(z—u(x)).

1 L2
7= |_+2af7L,2PXdX ®  The layer displacement field(x) describes the departure
from the planar layer configuration. The variables used in
at the electrodes to compensate for the electric field due tealculations are thuk(x), |(x), andu(x).
the divergence of the spontaneous polarization. The equilibrium structure is found by minimizing the bulk
The director and layer structure inside the cell essentialljree energy, taking into account the specific boundary condi-
depends on the surface anchoring. We consider a combin&ons. Here we should mention that the inclusion of the polar
tion of polar and nonpolar surface anchoring, surface anchoring significantly complicates the calculation.
In studying the symmetric chevron structuf8sl 3] we were
1 ) P.-X solving a set of three coupled differential equations that were
Fsurt=— EWnp(Slnzso)x::L/zin e , (6)  of the second order. The Euler-Lagrange equations that fol-
S/ x=xLp2 low from the minimization of the free energy are actually of

whereW,, is the strength of the nonpolar surface anchorin the fourth °r9'er iru(x) since there are second order de.riva-
which, atW,,,>0, prefersp=+ /2 at the surfaces, and the tives pfu(x) in the smectic free energy density. Thg varlablle
polar anchoring is chosen such thatvég>0 it prefers the u(x) itself does not enter the free energy, only its spatial
polarization at the surface being perpendicular to the surfacderivative. So we could minimize the free energy with re-
S is th it tor in the direction. | dicular t spect todu(x)/dx. The boundary condition of the layer dis-
Ef):elssur; gg;n\éeco?; tllz ir?(si cjltr-:‘et(;:gelll'e'i"hgerg?ar; aﬁét?griﬁ placement being zero at the surface is satisfied automatically
. nd p 9 ; : P Yin a symmetric chevron becaudel(x)/dx is antisymmetric
is also sensitive to the magnitude of the spontaneous pola

o : Sround the chevron tip. In a nonsymmetric chevron we can

!zat|on. Surface energy decreasgs with 'a@gf The polar- still minimize the free energy with respect dau(x)/dx, but

!ty of the su-rface thus forcgs.the increase in the cone _ahgle in addition we have to fulfill an integral condition far,

in order to increas®s. This is the surface electroclinic ef-

fect [15] and experiments in the smec#ic-phase of the L2 du

W415[14] show that it can be very large. f &dx=0-
With the chosen surface anchoring the surface is bistable. L2

Let us consider the function A different procedure can be chosen. One can work with
u(x) and a fourth order differential equation, but a simple

flo)=— EWnpSinzgovLWpsin‘p, boundary condition of the displacement being zero at the
2 surfaces,
which represents the energy due to the surface anchoring at u(x=+L/2)=0. (8)

the left surface in the case of polar anchoring which is inde-

pendent of the magnitude of the spontaneous polarizationwe have chosen the latter way.

Until W,<W,, the energy f(¢) has two minima: at For computational purposes we express the free energy in
p=ml2 andp=—7/2. At W,>W,,, there is only one mini- a dimensionless form. We introduce the following dimen-
mum at ¢=—/2. It is similar at the right surface. At sionless variables:
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£=xIL, U(é)=u(x)/L, G _ | vnp(sinz )
surf— + 7 = I Pe=+1/2>
parameters: sinfdg | \1+02 1 2
p Us'nﬂB, i ypynp:Wp'“p  G—all where sinp=I/sin9 and cosy=(m-Kup)/\'1+Uz.
Ps |c, | K Minimization of the free energy gives three Euler-
h istic | he: Lagrange equations and three boundary conditjamsddi-
and characteristic lengths: tion to the boundary conditio(8)]. The free energyEq. (9)]
9 has to be minimized such that the conditi@) is satisfied.
N= \/R kH:M In a dimensionless form this condition is
BY L2!
- 1 1/2 | (
o= — dé. 10
2 Non 1+2€J1/2\/ 2
Aep= |CJ_|_ (qotarg) ™%, ken= 02 ) 1+ Ys
The Euler-Lagrange equations are solved numerically using
cenK A2 the relaxation methofll6]. After each cycle, when corrected
Ng= P—OZ, kS=L—§' values to the variables are found, newis calculated from

Eg. (10) and is used in the succeeding cycle.

. . . _ We study the director and layer structure inside the cell as
With this choice of parameters the magnitude of the spontay ,nction” of the stiffness parametéts, the parameter

neous polarizatioPg acts as a scaling parameter. The char—rng/ﬂB, and the magnitude of the polar and nonpolar

acteristic length\ s presents the thickness of the deformedg t5ce anchoring. As a common set of parameters we
layer at the surfaces when the surface and the bulk Conditiorﬁmoose:L: 2 um, =10, Cx=10, dy=5 nm, a=10 nm

dictate different orientation of polarization than the electro-g_ 15 /. K=4x% 1012 J/m. andd.=30°. With this set
static energy. The parameties we call the stiffness param- ¢ parametérskH: 10-5 If r=02 :fnd PS:' 300 nC/cr

eter and it is a measure for the relative thickness of thi . _ -5
o : typical values for W41p then k.,=2.5X10 and
surface deformed layer. The characteristic lengthis the T(yﬁ 10°5. 5 e

smectic penetration depth and it is of the same order of mag—S

)r:nude asd, and the characteristic width of the chevron tip L. COMPETING INTERACTIONS IN SSFLC CELLS
ch-

The dimensionless free ener@yis the sum of the bulk In this section we discuss the effects that determine the
Gg and the surfac&, contribution. The bulk contribution is  |ayer and director structure in SSFLC cells. We also intro-
duce the terminology used to name different structures.
The chevron geometry of the smectic layers is a result of
the competition between the surface memory eftdw lay-
ers are strongly anchored at the surface in the preceding
smecticA phase[17]) and the natural smectic* layer
thickness. At the chevron tip the smectic layers are dilated
and the cone angle is reducgt]. To reduce the nematic
deformation the director at the chevron tip tilts in the
plane (== /2 at the chevron tip At low spontaneous
polarization and low polar surface anchoring the director po-
9 sition on the cone on both sides of the chevron tip is approxi-
. mately uniform[solid line in Fig. Za)]. This is a common
with uniform bistable structure and we denote itByAt stronger
polar anchoring one side of the cell remains approximately
uniform and the other side is splayddashed line in
Fig. 2(@)]. One half of the cell is splayed only if the ratio
r=6g /9y is high enough. At low values afthe whole cell
is splayed solid line in Fig. Zb)]. We shall call such a struc-
ture the S structure, to distinguish between the structures
and the indiceg denote derivatives with respect {0 From  with ¢= * 7/2 at the chevron tigB) and the structures with
Eq. (9) we see that whekssin?dg is of the same order of ¢~0 at the chevron tip$).
magnitude a or k¢, the electrostatic contribution to the ~ The internal electric field due to the polarization charge
free energy is of the same order as the nematic and smecticduced by the spontaneous polarization can have a signifi-
contributions. So monostable structures can be expected tmnt effect on the director and layer structures. This has al-

jllz[l 2, 12,02, L 2}
Gg= =(k:i+1s+ms)+ —A“1d
k 112

+ chf
K|CrJ -1

L1 fm 2 -, 2lo ot
— — =T 0 — s
2kssirP g —12| 1402 V1+uZ

1, 1
e i,

1
B+ ELZquz]df
ch

cosdp
cosrdg’

B=1%(1+uZ) +(mug+k)?

be stable akssinPdg<Kg .
The surface contribution is

ready been recognized by Nakagawa and Akalha8En the
bookshelf geometry. Sabater and co-workéd/& considered
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4+ of the chevron tip an@= = on the other sidgdotted line in
(a) Fig. 2@)]. In this case thex component of the director

¢ changes from-sin(dg— &) to sin(¥z— &) across the chev-
_______ ron tip. If Sg~ Uy the splay deformation is negligible. Nev-
T ertheless, even at=1, this structure is energetically very
expensive because the cone angle at the chevron tip reduces
5 to zero. This structure we call v where V stands for
- V-shaped andh for high, meaning that the structure has very
high energy. The structure is metastable at high values of the
0+ d spontaneous polarizatio§>100 nC/cm at the chosen set
Vg of typical parametejs
| Since the director tilt out of th&z plane is preferred at

; the chevron tip in order to reduce the nematic deformation,
H we find that there are no perfectly monostable structures in
T . T . . the chevron SSFLC cells. The director is always tilted in the
05 -0.25 0 025 4/ 05 yz plane, although this tilt is negligibly small in a large range
of the surface anchoring strength, stiffness parameter and
2T T also at quite high ratios between the equilibrium layer tilt
and the cone angle as we shall show in the following section.
According to the results obtained in the bookshelf geometry
[12], structures withg<<0.1 throughout the cell would ex-
hibit V-shaped switching. We expect that it is the same in the
chevron geometry of the smectic layers. So in the structure
diagrams shown in the following section we shadow the re-
gion where structures witlp<<0.1 exist.

Even if =0 inside the cell, the director tilt out of thez
plane can be significant close to the surfaces in a region of
thickness\ g due to the polar surface anchoring. In Figb2
we show typical spatial variation of in such cells. The
splayed variation of in the Sstructure at higlkg (solid line,

03 R AR ks=10"1) becomes uniform With:io inside thescell at low
T " T " " J " J ks (dashed and dotted linkg=10"“ andkg=10"", respec-
050 0.25 0.00 025 yr 030 tively). Because of that we denote all these structure§.by

In general, thd structures always switch with a threshold
and theS structures have the possibility to exhibit V-shaped
(ks=10"1,7,=0.01); dashed line, splaye (ks=10"1,y,=1); ;witching ife~0 in nk;(l)St of the cell. In thaglcaselzlve call the .
dotted line, V, (ks=10"%y,=1). (b) Common parameters, structure monostable or quasimonostable to keep in min
r=0.2, ypp=5. Solid line,S (ks=10"%,y,=2); dash-dot-dotted N2l ¢(X) is not exactly zero. o
line, S (ks=10"1,y,=2); dashed lineS (ks=10"2, y,=2); dot- At yp<ynp there can also exist a structure which is inter-
ted line, S (ks=10 %,y,=2); dash-dotted lineB, (ks=10"3, mgdlate between th8 structure(with ¢ at the chevron tip
y,=1). The inset shows some of the corresponding spatial variabeing close to zencand theB structure(with ¢ at the chev-
tions of the layer displacement ron tip being = 7/2). We call this structure &, structure

and its spatial dependence efis shown by a dash-dotted
the same effect in the chevron geometry of smectic layerdine in Fig. 2b).
Their model is built on earlier work of Nakagawao,21. At the surfaces the director position on the cone is a func-
Their study includes only the effects of rather low spontanetion of the strength of the surface anchoring. Let us suppose
ous polarizationup to 60 nC/crf)) on theB structure with  that the model would not allow for layer deformations. Then
r=0.89. the only possibility to accommodate the requirements of the

The electrostatic self-interaction, however, prefers asurface is the one shown in Fig(a, where the director
monostable structure in whickh=0 throughout the cell. In  position on the cone close to the left surface is shown for the
comparison to 8 structure a monostable structure is accom-structure wherep=0 far from the surface ang= — 7/2 at
panied by a larger splay deformation in the nematic directothe surfacevery strong polar anchoringSuch spatial varia-
around the chevron tip. Across the chevron tip the layer tiltion of the director position on the cone is accompanied by a
changes fromyg to — 8. The x component of the director strong deformation in the nematic director. This is shown by
changes from sin{z— &) to sin(¥g+d). The lower the the arrows above the smectic cones: xheomponent of the
equilibrium layer tilt the cheaper is this splay deformation.director changes the sign on approaching the surface, while
So we expect that lowering of the ratie= 5g/ 9g promotes  they component increases. Another possibility is to bend the
the stability of the monostable structure. Another candidatsmectic layergFig. 3(b)]. In this case the splay deformation
for a monostable structure is the one with-0 on one side in the director reduces, however the price is paid by the

w2+

FIG. 2. Spatial variation ofp in the possible stable structures.
(@ Common parameters,=0.5, y,,=0. Solid line, uniformB
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FIG. 3. Spatial variation of the director position on the cone

close to the left surface in the case of strong polar surface anchor-

ing. The director rotation on the cone fropr0 in the bulk to
¢~ —7/2 at the surface can be achieved(Bya splay deformation
in the nematic director ofb) bending of the smectic layers. The
arrows above/below the smectic cones presenkiti®rizontal ar-
rows) and they (vertical arrow$ components of the nematic direc-
tor.

deformation due to the layer bending. In addition we must

consider that the surface electroclinic effect will tend to in-
crease the cone angle at the surface. The resulting stress

also relieved by layer bending. So we expect to have the

situation depicted in Fig.(®), especially at lowr.
Close to the right surface the situation is similaee
Fig. 4@]. Here the nematic deformation can in principle be

PHYSICAL REVIEW E 68, 061705 (2003

2

reduced by increasing the layer tilt and as long as the surface
anchoring is not too strong or/and the magnitude of the spon-
taneous polarization is not too large our model actually pre-

'y & ;
1 I (b)
L > 1
1= S™+B(m) & !
E 123 /
1 ~= “ 7
103 & -
] + Pl
1 E =~ < SSmy+Ba) |~ 7
J -um -~ - -
1 rx d
] S+S (m)+B(m) S+Sd(m)
1 /
] 77T TS
1
B+S(m)+S°(m)
/ i
1()—1 T ey LR | Tt AAA ] T '
10" 10° 10° 10"k

FIG. 5. Stability diagram of the structures vs polar anchoring

dicts such a situation. However in the case shown i
Fig. 4(a), the anchoring is very strong. In this case the sur

FIG. 4. Spatial variation of the director position on the cone
close to the right surface in the case of strong polar surface ancho
ing. The director rotation on the cone is achievegl by a splay
deformation in the nematic director @) by bending of the smectic
layers. The arrows above/below the smectic cones present-the
(horizontal arrows and they (vertical arrow$ components of the
nematic director.

¥p) and the stiffness parametekd at 95=30°, r=0.2 and

(@ ynp=>5 and(b) yn,=0. S(m), B(m), Vy(m), andS%(m) des-
ignate metastable structures. Solid curves are the limits of stability
of certain structures and the dashed curves show where the enthal-
pies of the two structures are the same. If there are two metastable
structures the one with the highest energy is written last. In the
shaded region the value @f in the S structure is lower than 0.1
throughout the cell.

face electroclinic effect is large which additionally increases
the nematic deformation and again bending of the layers as
shown in Fig. 4b) occurs in order to relieve the stress.
Bending of layers at the surfaces is in the opposite direc-
tion [compare Figs. ®) and 4b)]. Such layer bending at the
surfaces can be accommodated only by a double chevron
structure inside the cefbee the spatial dependenegx) for
the double chevron in Fig.(B)]. The double chevron struc-
ture we denote by". In the following section we show that
the double chevron structure is stable at strong polar anchor-
ing. Due to the surface electroclinic effect it is metastable
also at weak polar anchoring.

IV. RESULTS AND DISCUSSION

In Fig. 5 we show the structure diagram for a material
with 95=30° andr =0.2. Together with the set of param-
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the chevron tip. We can estimate that the effective strength of

144 the nonpolar anchoring at the chevron tip=~€.3 and the
O/ corresponding anchoring strength is thus B0~ 7 J/n?.
1.3 In the shaded region in the structure diagrams the value of
¢ in the Sstructure is lower than 0.1 everywhere in the cell.
124 In a bookshelf geometry such a structure would exhibit

V-shaped switchingi12], so we presume it is the same in the
chevron geometry. From the structure diagram we also de-
duce that at the parameters typical for the W415 liquid crys-
tal (ks=10"%) and the typical values of the surface anchor-
ing (yp=7vnp=5), the structure is practically monostable
T with ¢~0 everywhere in the cell.
10° ! 10 K At ks<10" 2 the value ofgp inside the cell is aIread%/ close
FIG. 6. The value of9 at the left(solid lineg and the right Eﬁi(flfr:ggze; ttfrl]: Sdu??:(?eddlg};::elzdlgl}é%éé; klf; \1/\(/)heréhtie
(dashed lingssurfaces as a function of polar anchoring,) at L 9 .
Yop=0 andr=0.2. From left to rightks=10"2, ks=10"%, and e_ff_ect of th_e surface anchormg is feltvherep can be Sig-
ke=10""%. nificantly d_|fferent from zero, is only 3% of the cell thick-
ness. In this case the structure can probably be expected to
eters mentioned in Sec. Il A arid~ 10" ° this would be the  exhibit V-shaped switching. A more detailed study of the
parameters which correspond to W415. We studied the poslectro-optical response of tf&structures is needed, how-
sible structures as a function of the stiffness paramieter ever, to find out the maximum width of the surface deformed
and the strength of the polar surface anchorjpg For the  layer such that the structures still switch without threshold.
value of the nonpolar anchoring we choose a typical value The B structure is(metgstable only atkg>10"“. At
which is W, ,= 10°% J/n? and theny,,=5 [Fig. 5@]. In  lower ks the high-energy Y structure and the, practically
Fig. 5(b) we show the same type of the structure diagram atmonostableS structure exist. This agrees with the argument
zero nonpolar anchoring. The system shows a surprisingresented in Sec. Il that kgsin2195<k”'ch monostable struc-
number of stable structures, accompanied by one or tweure can be expected, because the electrostatic contribution to
metastable ones, denoted fwy the free energy is larger than the nematic and smectic con-
At low magnitudes of the spontaneous polarizationtributions. This argument is valid at alland y, which was
(ks>10"2) both B and S structures coexist ayp<7ynp @s  also confirmed by the numerical calculations.
suggested by the discussion in Sec. Il. At>y,, only the If ke>10"4, then the monostabl& structure is pushed
splayed structure is stable, but it becomes metastable wittowards lowerkg by increasing. This is expected, because
respect to a double chevron structure due to the surface elethe splayed deformation around the chevron tip in ghe
troclinic effect. The magnitude of the surface electroclinicstructure increases with increased ratis discussed in Sec.
effect, i.e., the value of) at the surface at several values of IIl. Also, at largerr a double chevron structure is stable at
ks as a function of the surface anchoring strengih)(is  stronger polar anchoring, because layer bending is more en-
shown in Fig. 6. The cone angle at the surface increasesrgetically expensive at highet Let us also point out that
significantly at strong polar surface anchorings. At larger val-due to the surface electroclinic effect the double chevron
ues of the spontaneous polarization stronger surface anchastructureS? is metastable whereves is (metgstable. We
ing is required for the same increasetfThe dependence is have also checked for the stability of the triple and even
approximately the same at aland ally,,, bothintheSand  higher chevron structures. Regardless of the number of chev-
the B structures. ron peaks in the initial approximation the structure always
At higher magnitudes of the spontaneous polarizatiorrelaxes into a single or a double chevron structure.
(ks<10"2) the thickness of the surface deformed layer is so Finally, we have also considered the effect of the thick-
small that it does not affect the structure of the chevron tipnessa of the insulating alignment layer on the structure. The
To relax the nematic deformatiop~ + /2 is preferred results obtained in the bookshelf geomefd?2] are valid
around the chevron tip, so thgstructure is metastable also here as well. In general the value o¢f inside the cell is
at yp>vynp. At low vy, the compound effect of the nonpolar reduced ifa increases, so thicker surface insulating layers
surface anchoring and the nonpolar “anchoring” at the chev-drive the system into the monostable state, as predicted by
ron tip even pushes out the splayed structure completely. Clark et al. [9].
The presence of nonpolar anchoring enforces the stability
of the B structure aty,<y,,. This can be seen by a com-
parison of the structure diagrams in Figab(y,,=5) and
in Fig. 5b) (ynp=0). In the case ofy,,=0 the area in We have studied theoretically the director and layer struc-
which theS structure is stable enlarges and it is pushed toture in surface stabilized ferroelectric liquid crystal cells. The
wards lower magnitudes of the spontaneous polarizatiomodel put forward by the present authors and co-workers in
(higher ks). However, even aty,,=0, the B structure is [13] was used and modified so that it is applicable to the
stable at lowks and at lowy, and theSstructure is stable at systems with spontaneous polarization. We also introduced
highery, . This is due to the nonpolar anchoring behavior ofadditional parameter = ¢ /g into the model which en-

1.1

V. CONCLUSIONS
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abled us to study chevrons with different ratios between thetrength of the polar surface anchoring increases with respect
equilibrium layer tilt and the smectic cone angle. We consid-to the nonpolar one.

ered the effects of the magnitude of the spontaneous polar- Polar surface anchoring induces a large surface electro-
ization, thickness of the insulating alignment layer, theclinic effect. As a result the nematic deformations close to
strength of the polar and nonpolar surface anchoring and thge surfaces are very strong and the stress is relieved by
ratior on the director and layer structure. Due to the numerpending of the smectic layers. This leads to the formation of
ous competing effects in the SSFLC cells the system shows & qouple chevron structure which is stable at very large polar
number of stable structures, accompanied by one or tW@nchoring. Due to the surface electroclinic effect it is meta-
metastable ones. o stable also at lower values of the polar anchoring.

At magnitudes of the spontaneous polarization larger than 1, ¢onclude, we have shown that structures which can be
the critical value Pg'=100 nC/ cnft at the typical setof pa-  gynected to exhibit V-shaped switching exist also in the
rameters chosen in the present pagbe electrostatic con-  gsE| ¢ cells with the chevron geometry of the smectic lay-
tribution to the free energy is larger than the nematic andys |n g broader context, our results which suggest an abun-
smectic contributions. In this case only practically gance of stable and metastable structures, could perhaps help
monostable structures exist with=0 inside the cell. In a {5 explain the richness of the textures observed in systems

region of thickness.s close to the surface the anglemay \yith high magnitudes of the spontaneous polarization.
differ significantly from zero due to the surface anchoring. At

Ps<P¢ both bistable and quasimonostable structures can

coexist. The genergl rule is that the system is driven into the ACKNOWLEDGMENT
monostable state ifa) the magnitude of the spontaneous
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