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Abstract: The influence of surface conditions on chevron structures and zig-zag defects in a SmC liquid crystal cell is studied both experimentally
and theoretically. In order to gain insight into basic properties of the system the Landau-Ginzburg type theory is used in terms of the nematic director
field and the smectic complex order parameter. On a simple model system transitions in the C1 and C2 chevron structures are studied as functions
of the surface pretilt angle 6t. The threshold conditions are calculated. The width of the straight element of the domain wall (running parallel to
smectic layers) and the costs for its formation are estimated. In the experimental part of the work the effect of the confining substrate with controlied
variation of the surface slope on the formation of zig-zag defects is analysed. Observed results are in line with theoretical expectations.

Pacs numbers: 61.30.Jf, 64.70.Md

Vpliv povrsinskih pogojev na strukturo zig-zag
defektov v feroelektricnih LCD prikazalnikih

Kljuéne besede: LC kristali tekodi, celice kristalov tekocih, SmC kristali tekodi C smektiéni, chevron strukture, cik-cak hibe, LANDAU-GINZBURG
teorija, polje nematicno direktorsko, parametri smekticni reda kompleksnega, pogoji pragovni, ocena stroskov, rezultati praktiéni, rezultati teoreticni

Povzetek: Preuéevali smo vpliv povrsinskih pogojev na strukturo $evronov in zig-zag defektov v SmC tekoGem kristalu, omejenem v planparalelni
celici. Kvalitativno obnasanje sistema smo ocenili izhajajo¢ iz Landau-Ginzburgove proste energije, izrazene z nemati¢nim direktorskim poljem in
smektiénim kompleksnim ureditvenim parametrom. Na poenostavljenem modelu smo preudevali prehode med Sevronskima strukturama C1 in C2
v odvisnosti od nagiba molekul ob povrsini celice. izradunali smo kritiéni pogoj prehoda. Ocenili smo Sirino in potrebno energijo za tvorbo domenske
stene med podrog¢jima razliéne orientacije $evrona. V eksperimentainem delu smo preucevali vpliv powrsine s kontrolirano variacijo povréinskega
nagiba na nastanek zig-zag defektov. Opazeni rezultati se kvalitativno ujemajo s teoretiCnimi napovedmi.

I. INTRODUCTION elastic constants in most of the cell. The homogene-
ously tilted structure has lower free energy. But its
Basic ingredients of various electrooptic devices are realisation requires that layers slip at the surface. In
smectic C (SmC) liquid crystals (LC) confined to plan- practice this process is exceedingly slow so that the
parallel cells where smectic layers run along cells. In chevron structure with a kink in the middle of the cell is
most cases chiral SmC LCs are used (SmC*) because usually realised instead /6,7/. In the case with kink the
of their ferroelectric properties. These layered configu- elastic deformations are constrained to the surface and
rations are enabled by planar anchoring /1/ or anchor- the chevron tip. Details are given in ref. /4/.
ing with a small pretilt. It often happens that the
confining surfaces impose a periodicity gs which in For ideal planparailel geometry and planar anchoring
general differs from the intrinsic bulk SmC periodicity the chevron tip can orient in either of the two directions
/2,3/ g. Inmost cases the origin of the surface periodicity perpendicular to layers as both directions are energeti-
is a thin single molecular LC layer relatively strongly cally equivalent. This degeneracy is broken if layer
bounded to the surface (i.e. the mobility of moleculesin thickness spatially vary or a finite surface anchoring
this layer is strongly restricted in comparison to the pretilt is introduced. The chevron configurations in
bulk). The surface periodicity gs is believed to be finger- which layers are tilted in the tilt direction are convention-
printed and frozen in on entering the smectic phase /2/. ally referred to as the C1 structure /8/. The C2 structure
In the particular case of g=gs the bookshelf structure describes the opposite case as shown in Fig.1d. Experi-
(see Fig.1a) is established. While in general g=gs yield- mental results /8/ suggest that the existence and stabil-
ing an uniformly distributed strain on the bookshelf ity of these structures in the SmC phase strongly
structure. If gs<q and if a threshold condition is fulfilled depend on the relative value of the surface pretilt angle
/3,4,5/ the confined smectic LC can substantially reduce Ot with respect to the buik tilt angle 8¢ between the layer
the strain by converting into a chevron one or in some normal and the average orientation of long axis of
cases into a tilted structure schematically shown in molecules (8¢ is the order parameter of the SmA-SmC
Figs.1b,c. In both structures layers are tilted with respect phase transition). A kind of threshold behaviour is ob-
to the surface enabling the smectic layer spacing to served exhibiting strong hysteresis behaviour /8/. For a
match the one preferred by the surface and smectic large enough surface pretilt only the C1 structure can
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exist. For low pretilts both the C1 and C2 structure exist
but only the C2 structure seems to be stable.

In most cases domains with either C1 or C2 structure
forms. The domain walls, where the chevron tip orien-
tation reverts (see Fig.1e), are conventionally named
zig-zag defects /2/. There exist various qualitatively dif-
ferent forms of these defects. The most simple structure
is realised for the “head to head” chevron collision in
which the domain wall runs parallel to smectic layers
and has thus straight linear appearance. In this scenario
significant spatial deviations from a monodomain struc-
tures are only along the layers’ normals. Reorientation
of the kink is mediated by a quasi bookshelf structure
/9/. Across the wall the smectic interlayer separation
does not show noticeable variation. The wall width is
estimated to be roughly of the cell width /2,9/ L. This wali
structure is stable for the > > || < < like transition (sym-
bol | describes the wall and >> gives the direction of
the kink far from the wall). In < < || >> transition the wall
has in almost all cases strong zig-zag appearance ac-
cording to which it is also named.

These most commonly qualitatively different scenaria of
the wall organisation for the >>||<< and <<|>>
transition indicate that they are considerably different
from the energetical point of view. In the “head to head”
wall scenario the layers experience strain concentration
at the center of the wall which gradually decreases on
going away from the center. In the case of <<|>>
transition it seems that the strain is large enough to
initiate the rearrangement of the surface ordering /2,7/.
This process is believed to be extremely slow and is
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Fig.1 Schematic presentation of the (a) bookshelf,
(b) tilted, (c) chevron, (d) C1, C2 and (e)
zig-zag layer structure. In (d) the surface
strongly enforces a finite pretilt 6. The co-or-
dinate system used in calculations is shown

in (.
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realised if the system can not relax the imposed dilation
in a different way /4,7/. The surface rearrangements
partially relax the strain imposed on the layers enabling
narrower domain walls whose direction makes finite
angle with respect to the chevron tip orientation /2/. The
course of such a wall is zig-zag in appearance and is
believed to be controlled by various disturbances in the
system (thus the zig-zag pattern is not an inherent
property of the LC).

The presence of zig-zag defects is in most applications
not desired because its pattern is hard to be controlled
and reduces the optical properties of cells /8/. In order
to avoid them it is essentially to understand reasons for
their appearance. They can be among others induced
by surface irregularities /2,8/ (i.e. spatial variation of the
surface profile, surface anchoring condition...). The aim
of this paper is to develop a theoretical explanation of
our recent experiments /10/ on the influence of the
controlled surface slope or pretilt on the formation of
zig-zag defects.

The paper is organised in the following way. In Sec. 2
the experimental part of the work is presented. In Sec.
3 the model is presented providing qualitative explana-
tion of the experimental results. Stability of the C1 and
C2 structure and the free energy costs to form domain
walls is studied. The experimental results are discussed
inthe Sec. 4 and conclusions are summarised in the last
section.

Il. EXPERIMENTAL SET UP

This paper as well as other publications /10,11,12/ pre-
sent experimental evidence, that the surface topogra-
phy plays a very important role in the surface stabilised
SmC* thin film liquid crystalline layers. Studies of the
“chevron defect” density show, that even very small
orienting surface defects can cause the instability of the
chevron structure as long as the slope of these defects
is high enough. Fig. 2a shows an AFM photograph of a
relatively flat rubbed nylon (DuPont Elvamide 6) surface
deposited on the flat glass surface by dip coating,
polymerised at 120°C and slowly cooled to the room
temperature (conventional method). Such a surface
treatment is often used to enforce homogeneous an-
choring of LC molecules with a small pretilt. Itis evident
that real surfaces used in LC cells are far from being
“flat”, what is conventionally assumed in theoretical
models used to study LC structures.

The aim of this study is to exploit the influence of sloped
regions introduced by surface irregularities on the ap-
pearance of zig-zag defects. In order to do this we first
made a flat reference surface using the “heat quenching
method” developed /10,12/ by Pir$ et al. The gist of this
method is (i} adequate doping of the nylon used for the
cell coating and (ii) heating the polymer layer approxi-
mately 10°C above its glass transition temperature
(=160°C) and submitting it to a thermal shock, by fast
cooling to the room temperature. This procedure pre-
vents the crystallisation process within the polymer,
which is the main reason for surface roughness as seen
on the Fig. 2a. Consequently extremely flat amorphous
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nylon surface is formed. This is evidently shown in Figs.
2 where the nylon treated surface formed by (a) conven-
tional and (b) "heat quenching" method are compared.

. B A0 e
e & UL rmddge

bl

Fig. 2 The AFM images (tapping mode) of a nylon
treated surface formed by (a) convential, (b)
“heat quenching” method. In (a) the surface
is exhibits strong spatial departures from the
“ideal planarity” because of the crystalline
domains formed within the nylon surface
coating. In (b) the crystallisation process is on
the average strongly suppressed yielding ex-

tremely flat surface.

The real SSFLC display orienting surface as presented
on Figs.2 in not very convenient for comparison with
theoretical models and a more defined and regular
surface is needed for better understanding of the sur-
face topography problems. In order to form a controlled
surface slope a long straight Chromium stripe was
deposited on the flat reference surface. Both edges of
the stripe were polished, yielding slopes with relatively
well defined inclination and then covered with doped
nylon and heat quenched as described above. A typical
AFM photograph of a resulting slope is shown in Fig. 3.
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Theresulting local cell geometry is schematically shown
in Fig. 4a. The height AHx and the length AH; of each
sloped area is 0.1 um and 0.2 um, respectively. The
corresponding slope is 6s=Arctan(AHx /AHz)=27°. The
cell width Lis 1.5 um and the separation Hs between the
sloped areas is 50 um, thus of finite width with respect
to L. The cell surface was nylon treated and rubbed,
enforcing a finite pretilt 61=3°.
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Fig. 3 The AFM photograph of the polished Chro-
mium step. The inclination of the sloped re-
gion is relatively well defined.

(a)
o |
| AH; |
!
Lo ,
! AHy !
|
f /
(b)
Lol nro oy
} - 2
| | '
| N
¥y X
Fig. 4 a) Schematic presentation of the experimen-

tal set-up. (b) The spatial variation of the sur-
face slope is within the model imitated by
spatially dependent pretilt 6. The sample is
divided into regions (i), (i), (iii), (iv) and (v).
The pretilt 61=06p=3° in regions (i), (iii) and (v)
is achieved by a nylon surface treatment. The
left slope of the region (ii} is simulated by the
surface tilt 01=0s+06p=30° and the right one of
the region (iv) by 8r=-8s+8p=-23°.
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The surface was buffed along the stripe (i), as well
perpendicular to this direction (ii). Onily in the case (ii)
the zig-zag defects were formed at sloped stripes. Ap-
proximately 10% of the length along each polished step
(y-direction) initiated closed zig-zag loops. The remind-
ing region exhibited a monodomain chevron orienta-
tion. An optical polarisation photograph under crossed
polarisers of a typical region exhibiting zig-zag lines is
shown in Fig. 5 (Note that the poor contrast of the photo
is due to strong differences between the reflectivity of
the Cr step and the rest of the surface). The photograph
reveals that zig-zag lines are localised at the sloped
stripes proving their responsibility for defect formation.
The zig-zag patterns at the first and second slope are
qualitatively different and so is also the region (relative
to the stripe position) where they appear. The zig-zag
lines do not have longer straight segments perpendicu-
lar to the tilt direction characteristic for the head to head
chevron collision /2/. The width of lines is relatively
narrow with respect to L.

In order to qualitatively understand the observed pattern
we use a phenomenological theory to study influence
of the pretilt on the chevron structure.

A photograph obtained via optical polarisa-
tion microscope with crossed polarisers
showing zig-zag defects that originate mostly
at the two sloped regions.

Fig.5

Ill. FREE ENERGY

To calculate the chevron structure we use Landau-Gin-
zburg type free energy /1,5/. The LC structure is de-
scribed in terms of the uniaxial nematic director field n
and the smectic complex order parameter W=ne'®d. The
nematic orientational order parameter and smectic
translational order parameter n are assumed to be
spatially homogeneous while the phase factor @ de-
scribes the position of smectic layers. The correspond-
ing relevant part of free energy is expressed as /5/

Fe J(%(V.H)Q +%(ﬁx Vi)’ +%(ﬁ.\7xﬁ)z s
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At the surface strong positional and orientational an-
choring is assumed. The elastic properties of the en-
closed LC are described by nematic (K11, Koz, Ka3) and
smectic (Cyi, C1, D) elastic constants. In this study the
so called /1/ surface or divergence nematic elastic con-
stants (Ko4 and K13) do not play important role and are
therefore discarded. Here qo is the periodicity adopted
in the SmA phase. Chirality which considerably affects
the nematic director field /2/ is not of interest in this
discussion since it does not significantly alter the layer
structure.

Within the Landau-Ginsburg description /1,5/ the SmA-
SmC transition is continuous and triggered by the smec-
tic bend elastic constant C1. The SmA phase is
stabilised for C.>0 and SmC for C1<0. The tilt 6¢ of
molecules from the layer normal in the bulk SmC phase
is B¢ = Arc tan(-C1/(2Dqo?)) and the layer periodicity is
g = go/cos 6c.

Some qualitative predictions concerning the structure
ofthe system can be inferred from the values of charac-
teristic lengths entering the model. These are in addition
to the cell thickness L the smectic penetration lengths

A= K/(QHZCL(ﬁ), kuzm

andthelength A, = ,/D/(2C, ) characterising the thick-
ness of the chevron tip /1,5/. The relative strength of the
nematic and smectic contribution in Eq. (1) is of order
(Mi/L)2. In the SmC phase Ay is typically few molecular
lengths. Consequently in supramicron cells the inequal-
ity An/L< <1 suggests that the LC structure is mainly
governed by smectic elasticity.

IV. MODEL CELL STRUCTURE

The geometry of the problem is depicted in Fig. 1f. The
layers are running in the z direction. The cell plates are
positioned at x=-1/2 and x=L/2 where L stands for the
cell thickness. In the model we assume that LC mole-
cules are restricted to the (x,z) plane. This approxima-
tion grossly simplifies the mathematics of the problem
and conserves the qualitative features of the structure.
In the model the surface rigidly imposes the periodicity
gs (strong positional anchoring limit) and the surface tilt
0t of surface LC molecules from the z-direction (strong
orientational anchoring limit). The variational parame-
ters n and @ are parametrized as n=(sin6,0,cos8) and
d=qs(z-u), where u describes departures from the
bookshelf layer structure.

First we study the existence and stability of C1 and C2
structures with respect to the relative value of 6; and 9e.
For this purpose the variational parameters 6 and u are
allowed to vary only in the x-direction. The threshold
behaviour of the transformations between C1 and C2
structures is analysed.
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We further estimate typical free energies to form a wall
parallel to smectic layers that corresponds to the head
to head collision of two chevrons. In this case the
variational parameters are allowed to vary also in the
z-direction. Since we are mainly interested in the layer
structure we simplify calculations by performing them
in a SmA phase. The smectic layer structure is domi-
nantly determined by smectic elastic constants. Thus
the effect of the “nematic” component (i.e. the so called
¢ director describing the projection of the director field
in the smectic layer plane), which distinguishes be-
tween the SmA and SmC phase, is in this case of
secondary importance. We enforce a chevron profile by
imposing atthe surface periodicity different from the one
in the bulk.
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Fig. 6 0(x) (a) and u(x) (b) dependence of the chev-
ron structure for different values of y. In calcu-
lations  we wuse L/ =100, L/A1=10,
QLAc/AL=100, Ae/h1=1. Uo=u(x=0) for x=0.
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Based on the results deduced from these model struc-
tures we qualitatively explain phenomena observed in
our experiments. In the model we simulate the variation
in the slope of the bounding surface in the experimental
cell (Fig.4a) by a variation of the pretilt angle 6t assum-
ing a perfectly flat surface (see Fig.4b). We anticipate
that the spatial variation in the pretilt angle or surface
topography have in most cases similar qualitative con-
sequences on the chevron structure.

V. CHEVRON STRUCTURE

V.1 Influence of the pretilt 6t on the chevron
structure

We first study the influence of a homogeneous surface
pretilt 8 on the chevron structure. Geometrical argu-
ments /8/ suggest that significant parameter relevant for
the chevron structure is the ratio ¥ =6t/6¢c. The influence
of x on the chevron profile is depicted in Figs. 6a,b. The
effect is demonstrated in relatively thin cells (L=0.1 wm)
where L and Ai(i=L,||) are less apart and variations of
both parameters are spreaded over a substantial part of
the cell.

If 8t =0 then 8(x)=0 everywhere and elastic distortions
of smectic layers are constrained to the chevron tip. We
refer to this structure as the “reference” structure. Both
chevron orientations of the reference structure are
equivalent. A finite pretilt introduces spatial variations of
0 across the cell. Results indicate that there exist critical
(threshold) values of y (denoted by yc1 and yc2 corre-
sponding to the C1 and C2 structure, respectively)
separating qualitatively different regimes. For x>0 and
X <xC1,xc2 the departures from the reference chevron
structure of the two profiles are constrained to a narrow
region ofa thickness A1 at both cell surfaces. This region
broadens with increasing y until a critical value X is
reached (xc1 for C1 and xc2 for the C2 structure). At the
critical value departures of n from the reference struc-
ture spreads across the whole cell. This configurational
transition is discontinuous.

Above the threshold (i.e. x>xc1,xc2) both C1 and C2
structures convert into an identical structure, which we
denote by C1*, with the chevron tilt determined by the
surface pretitt. Its main difference from the C1 structure
is in a broader chevron tip and in a nematic director field
which substantially departs from the z-direction across
the whole cell. Despite this the smectic free energy
density distribution is qualitatively similar below and
above the transition although the jump in the total free
energy can be in general substantial (see Fig. 7). The
nematic splay distortion is shifted to the chevron tip and
consequently its width is increased. Note that this effect
on the chevron tip width is less evident in thicker cells.
Thus for x>yc2 only C1* or C1 structures are possible
in agreement with experimental observations /8/.

The threshold value xc1 and xc2 for both configurational
transitions depend on elastic properties of the LC (thus
also on 6c) and the cell thickness. For L=0.1 um and
conventional elastic constants we obtain critical value
xC2=1.7x0.4 while xc1 is typically 5% larger. For a
choice of parameters given in the caption of Fig. 6 one
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finds yc2~1.95+0.05 and xc1=2.05+0.05. These values
are close to those obtained from simple geometrical
considerations /8/.

The variation of the free energy (see Eq. (1)) of both
structures with y is shown in Fig. 7. For any finite value
of x the degeneracy between C1 and C2 structure is
broken. Below critical value of y the C2 structure is
stable in agreement with experimental results /8/.
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Fig. 7 Free energy of the chevron structures as func-
tion of x. Fo=F(x=0). Parameters are the

same as in Fig. 6

V.2 The domain wall

We next focus our interest to the domain wall of a head
to head chevron collision. In an uniform cell this is not
a stable structure but it can be stabilised by a particular
variation of the surface induced pretilt. Within our model
this wall can be realised only via an intermediate book-
shelf-like region. Our main interest concerns the width
of the wall and the difference in the energy between
>>|l<< and <<||>> walls.

To describe a wall we must allow the tilt angle and
smectic displacement to vary in the x and z dimension.
Calculations in Section V.1 indicate that the layer slope
is dominated by the strain imposed on smectic layers.
Since in this case we are concerned mainly with phe-
nomena related to the layer evolution we perform our
study in the SmA phase (i.e. C1>0 in Eq. (1)) and set
0r=0. The strain imposed to smectic layers is induced
by setting gs/qo=1.01. In calculations we allow the
chevron tip reorientation via a quasibookshelf structure
as reported in ref. /9/. Only a half of the wall is calculated
since symmetric conditions are assumed. At the center
of wall the bookshelf structure is set and the bulk chev-
ron structure far (with respect to L) from the wall.

The evolution of the displacement field u(z) = <u(x,2)>
averaged over the cell thickness from the wall center is
depicted in Fig. 8. The layers recover the conventional
chevron structure (i.e. the structure not influenced by
the wall) over a distance comparable to L. The widths

30

ofthe >>||< < and < <J|>> walls are almost the same.
Nevertheless the free energy F<> of the <<||>> wall,
calculated from Eq. (1), is much larger than F»> < of the
>>|< < one (F<>/F»<=2.2forparameters givenin Fig.
8). Thus from the energy point of view the walls are quite
different suggesting different scenaria of the wall organ-
isation. In most cases zig-zag wall appears with the
direction of the wall close to that of the layer normal. This
is achieved by local layer slip at the surface in such a
way that strain imposed on smectic layers in the cell is
relaxed to a great extent. Consequently the wall width
Eq is substantially reduced /2/.
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Fig. 8 u(z)=<u(x,z)> as a function of z for <<||>>
and >>||< < head on head chevron tip tran-
sitions. 0t=0, gs/go=1.01 and the other pa-
rameters are the same as in Fig. 6. The
08(z) = <06(x,z)> dependence has similar de-
pendence. For the parameters chosen the
harmonic approximation /3,4 works well, thus
du(x,z)/dx=tan(8(x,z)). uo=u(z>>L), the do-
main wall is at z=0.

VI. DISCUSSION OF EXPERIMENTAL
DATA

In order to qualitatively explain the photographic picture
shown in Fig. 5 we use the results of the model studied
in the previous section. The variation of the slope of the
surface in the z-direction in the experiment is modelled
by spatially dependent pretilt angle 6t. As shown in Fig.
4"we divide the sample into regions (i), (i), (iii),(iv) and
(v). The pretilt 61=0p=3° in regions (i), (i) and (v) is
achieved by a nylon surface treatment. The left slope of
the region (i) is simulated by the surface tilt
01=0s+0p=30° and the right one of the region (iv) by
Br=-0s+0p=-23°.

According to our findings the stability and existence of
C1 and C2 structures strongly depend on the ratio
x=0c/6t. The experiment was performed atthe tempera-
ture corresponding to the bulk tilt angle 6¢=22°. Thus in
regions (i), (iii) and (iv) the ratio x=0.14 is well bellow the
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critical value xc2 =yc1=1.7 £0.4 estimated for our model
structures. Inthese regions the C2 structure has slightly
lower free energy than C1. The situation is similar in the
region (iv) where y=1.1 but in this case the energy
difference between C1 and C2 is larger. Inthe region (i)
the ratio x=1.4 is within the regime where according to
our estimates the transformation to the C1* structure is
expected.

To getanimpression where zig-zag defects tend to form
we neglect coupling between different regions. If the
critical condition is not fulfilled in the region (i), the C2
structure is locally enforced in the whole sample. But
because of different tilt direction in region (iv) the se-
quence of tilt orientations according to the model sys-
tem shown in Fig. 4b is >1>2>3<4>5, where, e.g., >3
describes the chevron kink to the right at the region (iii).
Ifthe critical condition is fulfilled in (iv) then the sequence
is >1<p>3<4>5. Thus in the decoupling approximation
in both cases zig-zag defects tends to be formed. In the
following we show that if coupling is taken into account
both cases are expected to give similar qualitative ap-
pearance.

We first note that broad straight walls characteristic for
the head to head chevron collision are not expected for
the following reasons. The width of the sloped region is
far less than L what is required for the realisation of the
head to head chevron collision. The corresponding
correlation length g=~L=1.5 um is much larger than the
width AHz =0.2 um of the sloped regions. Thus at slopes,
where the flip of the chevron tip is expected, only a
zig-zag like wall is plausible which requires less space
and the elastic free energy costs for its realisation. The
experimental results confirm this expectations. Only
walls with strong zig-zag appearance are observed as
itis evident from Fig. 5.

We then assume that in the region (i) the critical condi-
tions are fulfilled and consequently predict the spatial
evolution of the chevron tip orientation structure from
the left to the right in Fig. 4. In the semiinfinite region (i)
the C2 chevron profile with the kink to the right is
realised. In (i) the C1* structure is enforced with the kink
to the left leading to the zig-zag formation. Let us sup-
pose that the first step triggers the zig-zag defect and
try to figure out the chevron tip orientation in the region
(iii) between the two sloped stripes. There free energies
of C1 and C2 are comparable because of a low pretilt.
Both slopes enforce the kink to the left (first via C1* and
second via the C2 structure which is at the second slope
much more favourable with respect to C1 because of a
relative large value of 6). Consequently the slightly
metastable C1 structure with the kink to the left is most
probable in between. Thus in the region (iii) only rarely
additional zig-zag defects are expected because the
driving force for itis small due to similar free energies of
C2 and C1 structures. But the semiinfinite region (v)
enforces the C2 structure with the right chevron kink
orientation. Thus if the zig-zag defect was formed at the
first step then the another zig-zag defect is expected at
the second slope in accordance with experimental ob-
servation.

Note that the zig-zag defects appear at slopes because
(i) they enforce the flip of the chevron tip and (i) the AFM
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photographs reveal that at the top the slopes are rela-
tively rough serving as seeds for the zig-zag defects.
Recent experiments /2,8/ reveal that the zig-zag defects
are most often pined to the surface irregularities.

The experiment reveals that at the first slope the zig-zag
lines are pushed more toward the straight region (i)
while at the second slope the defect lines extend also
over the sloped region. This is understandable because
atthe first slope only the C1* structure is expected while
at the second both C1 and C2 structures are allowed.
Consequently at the first siope the zig-zag defect, trig-
gered by the siope and seeds at its edge, is pushed
towards the region (i). At the second slope the flip of the
chevron tip realised via the C1 to C2 transformation is
also allowed at the slope. Nevertheless it is advanta-
geous for zig-zag defects to form at the straight region
(iv) where the free energy difference between the struc-
tures with the opposite tip orientation is relatively small.

In the case that also 61 is below the critical value G2
tends to be established in all regions. But due to the sign
variation in 6t the chevron tip tends to be aligned to the
left in the region (iv) and to the right in all other regions.
Thus also in this situation at least 2 zig-zag lines are
expected in the z direction if they are initiated. The most
probable site to trigger them is the second slope in
which the energy difference between the C1 and C2
structure is the largest. The first zig-zag line is thus
formed at the border between regions (v) and (iv). On
entering the region (iii) another chevron tip orientation
is enforced. But most probable it persists till the region
(i), where this tendency is larger because of larger
effective tilt angle and the surface irregularities at the top
of a slope that trigger the zig-zag formation.

Thus in both cases (x1>yc2 or x1<yce) two zig-zag
lines at the slopes are expected. Nevertheless in the
second case the probability for this formation is lower
because both structures can exist in the whole region.

VII. CONCLUSIONS

in convential LC cells filled with SmC LC the so called
zig-zag defects are commonly observed. It is believed
that surface imperfections are potential sources for their
creation. To check this hypothesis we study experimen-
tally and theoretically the influence of sloped surfaces
on the chevron structure.

Inthe experimental part of the work we demonstrate that
the sloped regions are strong sources of zig-zag de-
fects. We formed a slope with rather well defined incli-
nation and studied its influence on the chevron tip
reorientation. The photographs obtained with polarised
microscope reveal zig-zag loops almost exclusively
formed at the sloped regions.

In order to explain qualitatively the photographs we
study the influence of surface pretilt on C1 and C2
chevron structures in SmC LC. A phenomenological
model is used. For simplicity we confined our interest to
planar structures and strong positional and orientational
anchoring. We introduce the ratio y =6t/6¢ between the
pretilt angle 6t and the smectic tilt angle 6c which most
significantly predicts the chevron tip orientation. A
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threshold behaviour is observed as a function of .
Bellow a critical value of y both C1 and C2 structure exist
but only C2 structure seems to be stable. Above thresh-
old both structures convert into the identical structure,
that we name the C1* structure. The basic difference
between C1 and C1* structure is wider chevron tip in
the latter case. For supramicron cells this distinction is
hard to be experimentally observed. Then we limit our
attention to the structure and free energy of the zig-zag
wall which runs parallel to smectic layers. We show that
the width of both < <||>> and >>||< < walls is compa-
rable and roughly given by the cell width. The free
energy of the former wall is considerably higher what
forces the LC to find another realisation of the chevron
tip reorientation. Most of the prediction steaming from
our rather simple model are in accordance with recent
experimental observations. Based on our estimates we
qualitatively explained the observed zig-zag patterns. In
the explanation we assumed that surface pretilt can to
a good approximation imitate the influence of a sloped
region.

In the theoretical part of this work we made several
simplifying assumptions. Agreement between theoreti-
cal predictions and experimental observations supports
the beliefthatthe model exhibits at least qualitative most
of the phenomena of interest. The study in which we
relax most of the simplifying assumptions in order to get
better quantitative estimates is currently under way.
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