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Effects of surface topography on formation of defects in SmC* devices
explained using an alternative chevron description
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An alternative description of the layer structure of SmC* devices is used to consider the cause for wide
variations in the zigzag defect density in such devices using the same alignment layer material. In this paper,
we show how the topography of the surface layer due to imperfect coating techniques and materials promotes
the formation of zigzag defects. We show that if the alignment surface slope is greater than the pretilt, high
densities of zigzag defects are likely to be present.@S1063-651X~97!50410-7#

PACS number~s!: 61.30.2v
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I. INTRODUCTION

Due to their highly ordered structure, smectic, and in p
ticular ferroelectric, liquid crystals tend to be very susce
tible to defect formation. Since their invention more than
years ago@1#, much work has concentrated on eliminatin
zigzag defects from surface-stabilized ferroelectric liqu
crystal ~SSFLC! displays. A large amount of this researc
has focused on determining which alignment materials
surface treatments tend to produce defect-free textures. M
recent papers by Kodenet al. @2#, Kanbeet al. @3#, and oth-
ers clearly explains the formation of zigzag defects in ter
of the pretilt a, the cone angleu, and the chevron angled.
Zigzag formation occurs when domains with chevrons po
ing in opposite directions are interspersed. The opposi
pointing chevrons have been described in terms of theC1
and C2 layer structures, with the apex of theC1 chevron
pointing antiparallel to the rub direction. Geometric nec
sary conditions for formation of these configurations are
follows:

C1 allowed: a,u1d,

C2 allowed: a,u2d.

Thus, by introducing a high pretilt, zigzag defects may
eliminated@4#. Clearly, when theC2 condition is met, the
C1 condition will also hold.

Research relating the cone angle to the chevron angle@5#
suggests that, approximately independent of material,u2d
53° at room temperature. In other cases, the value ma
less than 3°, and may in fact be equal to 0@6#. Also, as will
be discussed below, it is possible that the effective pre
angle can be negative. This could result from a surf
roughness whose magnitude is dependent on the proce
conditions of the alignment layer. We would like to consid
the possibility that negative values of the effective pre
could be the cause for high defect densities found in so
cases. Unfortunately, the description of the layer struct
using theC1 andC2 definitions is confusing when a neg
tive value of the effective pretilt is allowed.
561063-651X/97/56~4!/3769~3!/$10.00
-
-

-

d
re

s

t-
ly

-
s

e

be

lt
e
ing
r
t
e
e

II. OUR MODEL

Depending on the alignment material and coating te
nique, angular variations in the surface may be compara
to the pretilt. We may define the angle of variationg as
positive if it tends to make the apparent pretilt angle grea
For a particular surface with angular variationsg ranging
from 2G to G, with G positive, we locally define an effective
pretilt a85a1g ~see Fig. 1!. To investigate such a configu
ration, we propose aC1, C2 layer structure, where the sig
refers to the pointing direction of the chevron apex. T
C1 structure is equivalent to the previously definedC1
structure for the case of a high pretilt angle. As shown in F
2, the SmC cones attached to each chevron define the m
mum and minimum values ofa8 from 2(u2d) to (u1d)
can be accommodated by theC1 layer structure; anda8
from 2(u1d) to (u2d) can be accommodated by theC
2 structure. Figure 3 also shows the connections of the d
nition of theC1 andC2 layer structures with theC1 and
C2 definitions. The structure defined asC1 is seen to be
inclusive of aC1 structure ifa8 is positive, but aC2 if a8
is negative.

As previously pointed out, ifa8 lies in the range from
(u2d) to (u1d), then a defect-free structure is expecte
Also, if a8 is positive @but not necessarily greater than (u
2d)#, defects may or may not form. A feature that is ma
clear by this model is that ifa8 varies from greater than
1(u2d) to less than2(u2d), then zigzag defects arere-
quired to form.

III. EXPERIMENT

We used a 1.5% solution of poly~vinyl alcohol! ~PVA! in
water as the alignment layer for our samples. In order
obtain varied surface topographies, the material was s

FIG. 1. Illustration of how effective pretilt may vary from stan
dard pretilt.
R3769 © 1997 The American Physical Society
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coated onto our substrates at varying speeds. Addition
we varied the temperature at which the solvent was remo
from the substrates. Through the use of these methods
were successful in obtaining very different surface topog
phy.

Through atomic force microscope~AFM! measurements
we determined that for our spin-coated substrates, there
a radial dependence to the surface properties. By choo
the centers of our cell substrates and our sample for A
analysis to be equidistant from the spin center, we co
ensure that the texture observed in our finished cell w
properly correlated to the AFM data.

In constructing our cells, we used 1.5mm hard-baked
photoresist posts for spacers and Merck ZLI-3654 as
liquid crystal, and capillary-filled each cell in the isotrop
phase. The center area of each cell was photographed
tween crossed polarizers. Substrate samples were viewe
ing a Nanoscope IIIa AFM in the contact mode. A cro
section of each substrate surface was analyzed for ang
variations, and the rms roughness of the sample was
corded. Thirteen cells with acceptable thickness and uni
mity were filled and observed. Using the same mixture
PVA as in the test cells, and using a nematic material w
similar «', we constructed several cells and measured
pretilt using the magnetic null method. We determined
pretilt to be 260.25°.

IV. RESULTS

In observing the textures of the constructed cells, la
variations were apparent between cells and, in some ca
within an individual cell. Some cells had no zigzag defects
the central cell region, some had a small number of defec
this region, while others had very dense, constant array
zigzags~Fig. 4!. For these large, dense defect structures, g
erally the defect size was equal to the distance between s
ers.

FIG. 2. Definitions of basic chevron structures.

FIG. 3. Allowed chevron structures as a function of effecti
pretilt. The top rectangle represents the range ofa8 for C2 chev-
rons, while the bottom rectangle represents the range ofa8 for
C1 chevrons.
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For a particular cell, to determineG, the magnitude of
angular variations, a cross-sectional graph of the surf
roughness was analyzed. Each point was recorded wher
slope change was greater than 0.1° between horizontal
tances of minimum size 0.05mm, and the angle of each
connecting segment calculated. In calculating the freque
of occurrence of a particular value of slope, the count w
weighted according to the length of each segment. The
solute value of each calculated slope was taken, and
value was placed in bins according to the weight. This h
togram was then fitted to a curve~Fig. 5!. There was no
apparent difference between occurrences of positive
negative slopes. Choosing a cross section parallel or per
dicular to the rub direction also yielded no significant effe

FIG. 4. Defect structure in representative cells.~a! Shows de-
fects in cell 2. The dark circles are spacers, with a separation
0.25 cm.~b! Shows the defect structure in cell 4. The magnificati
is the same as in~a!. Picture~c! is a detail of~b!, magnified 500%.
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Roughnesses in different samples ranged from60.3 nm
to 62.2 nm. Maximum angular variationG ranged from less
than 2° to in some substrates to greater than 4° in others.
the majority of samples, large roughness corresponded
large angular variation. However, several samples wit
very small grain size had a moderately large angular va
tion despite a low roughness. Both of the cells with ve
dense defect structures had distances between chang
sign of the surface slope as large as about 200 nm, or
proximately 60 smectic layer spacings.

Cells with angular variations of 3.7° and 6.8° had contin
ous zigzag defects, while for cells with variations of 1.2
1.4°, and 1.8° the density of zigzags, which ranged fr
none to several in the central region of the cell, did n
cleanly correspond to the angular variation~Table I!. The
source of this inconsistency is most likely isolated anom
lously high peaks or ridges, which may force the formati
of a defect despite the fact that the majority of the surfa
variations are below the critical angle. We would expect su
peaks to form more readily for surfaces with higher roug
nesses. Also, a cell with high roughness and low ang
variations will be more likely to possess zigzag defects d
to its larger grain size, as explained above. Note that the
cells shown in Fig. 5 are the high angular variation cell w
the least defects and the low angular variation cell with
most defects. Also interesting is the fact that cell 3 had
apparent zigzag defects. When viewed at higher magnifi
tion, this cell demonstrated a woven appearance.

FIG. 5. Histograms of angular surface variations for five rep
sentative cells. Bin widths are 0.2° for cells 1, 2, and 3, and 0.6°
cells 4 and 5.
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V. CONCLUSIONS

The results show that in cells with angular variations
the surface exceeding the pretilt, the formation of zigz
defects is likely to occur. As a cell is cooled into the SmC*
mesophase, (u2d) increases from 0 to some final valu
Therefore, this work predicts that zigzag defects should fo
at the SmA-SmC* transition whenevera8,0 over a suffi-
ciently large horizontal distance. As (u2d) increases, these
defects are no longer geometrically required, and, provid
that a8.2(u2d), they are likely to dissipate.

For angular variations of the surface of magnitude sma
than the pretilt, such defects are less likely to form. Ho
ever, since the area observed with the AFM is very sm
compared to the area observed through the microscope,
since a cross-sectional view only looks at a very thin slice
the total surface, it is likely that variations for any samp
may be somewhat greater than what is expected from obs
ing the cross section. Any small dust particle or isolated h
peak in the surface that exceeds the critical variation an
may cause the creation of a zigzag defect in a seemin
smooth substrate. Thus, in order to guarantee a defect
low pretilt cell, an alignment surface that is both smooth a
uniform is required. This may be achieved through prop
choice of materials and well-controlled coating technique
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TABLE I. This table shows the relationship between angu
variations of the surface and defect densities. The percent of
surface with defects was determined by converting a photograp
the cell into a black and white picture, then comparing the brig
ness to an area determined to have 100% defects.

Cell number
rms

roughness

Maximum
angular

variation % of surface with defects

1 0.346 nm 1.4° 16.7
2 0.432 1.2° 25.2
3 0.353 1.8° 0.0
4 1.070 3.7° 64.6
5 2.288 6.8° 75.8
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