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Horizontal chevron configurations in ferroelectric 
liquid crystal cells induced by high electric fields? 

by I. DIERKING", F. GIESELMANN, J. SCHACHT and P. ZUGENMAIER 
Institut f i r  Physikalische Chemie der TU Clausthal, Arnold-Sommerfeld-Str. 4, 

D-38678 Clausthal-Zellerfeld, Germany 

(Received 16 January 1995; accepted 16 February 1995) 

Application of a high electric field to a SE ferroelectric liquid crystal cell may cause the formation 
of horizontal chevron configurations with the smectic layers tilted by the amount of the chevron 
angle (in the case of the present investigation equal to the director tilt angle) with respect to the 
normal to the rubbing direction of the cell substrates. The layer structure resembles that of the 
well-known vertical chevron configuration, but in the plane of the substrate instead of 
perpendicular to it, and is similar to that recently reported for the stripe-shaped texture. Between 
crossed polarizers, the two domain types appear to switch in opposite directions when an a.c. 
electric field is applied. The temperature dependence of the observation of horizontal chevron 
structures was investigated and an explanation is proposed analogous to that for the stripe texture 
model. 

1. Introduction 
A variety of director configurations can be observed in 

SZ ferroelectric liquid crystals, depending on anchoring 
strength with the substrate and geometry of the sample. 
In thick samples, prepared on a glass slide without 
orientation layers, natural textures appear, as for example 
the well-known fan-shaped texture with the fans modu- 
lated by equidistant disclination lines, due to a helical 
director configuration of the S c  phase [ 1,2]. These line 
textures may also be observed in LC cells with a 
well-defined cell gap and orientation layers, depending on 
the value of the S? pitch [3]. If the cell gap is of the order 
of magnitude or smaller than the S? pitch, the helix is 
elastically unwound by surface effects and a so-called 
'surface stabilized ferroelectric liquid crystal' (SSFLC) 
geometry is obtained [3]. In the simplest case, a structure 
is observed in which the smectic layers are arranged 
almost perpendicular to the substrate plane and to the 
rubbing direction of the orientational layers with 
the molecules tilted with respect to the layer normal-the 
so-called bookshelf geometry (see figure 1 (a)). Due to 
anchoring effects at the substrate, usually a structure is 
observed with the layers tilted with respect to the substrate 
normal. This produces a smectic layer configuration, 
which has become known as the vertical chevron geometry 
[4-71, when the surfaces are rubbed in parallel directions 

* Author for correspondence. 
+Presented in part at the 10th International Conference on 

Textures of Materials, 20-24 September, 1993, Clausthal, 
Germany. 

(see figure 1 (c)) ,  or simply tilted layers when they are 
rubbed antiparallel (see figure l(6)). 

We have observed an electric field induced layer 
configuration, which resembles that of a chevron being 
turned by 90°, such that the smectic layers are tilted with 
respect to the normal of the rubbing direction by the 
amount of the chevron angle (equal to the director tilt 
angle) in the plane of the substrate, in contrast to the 
well-known vertical chevron geometry, where the smectic 
layers are tilted with respect to the substrate normal 
(see figure 2). Application of a high electric field to the LC 
cell results in the formation of two domain types, which 
seem to switch in an opposite sense, when viewed between 
crossed polarizers. The formation of the two domain types 
is analogous to observations by Pate1 et al. [8,9], although 
the applied conditions were quite different. A similar 

ci 

bookshelf tilted layers vertical chevron 

(a) ( b )  ( C )  

Figure 1. Schematic representation of different layer 
configurations in SSFLC cells: (a) the ideal bookshelf 
geometry, (b) the tilted layer geometry, usually observed in 
antiparallel rubbed LC cells and ( c )  the vertical chevron 
geometry with the chevron interface (ci), usually observed 
in parallel rubbed LC cells. 
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180 I. Dierking et al. 

vertical chevron, sideview horizontal chevron, topview 

/ I  A / 

i i J- 
Z L 

substrate 

( ( 1 )  (h)  

Figure 2. Schematic representation of the chevron layer 
configurations: (a) vertical chevron as a side view and (b )  
horizontal chevron as a top view of the cell. Nomenclature 
used: director n, layer normal k. rubbing direction x, 
direction of light propagation z, tilt angle 0, vertical 
chevron layer angle 6 and horizontal chevron layer angle 2. 

behaviour was also observed by Andersson et al. [lo], 
when a field induced N*-S$ transition was investigated. 
In the smectic A *  phase, an analogous effect was observed 
for induced tilt angles [ 1 I]. The temperature dependence 
of this effect was investigated and the director- and 
layer-configuration verified by texture observation of 
different samples and investigations by an optical method 
discussed in detail below. The nomenclature used is 
schematically depicted in figure 2. 

2. Experimental 
Polarizing microscopic investigations were performed 

with an Olympus BH-2 microscope, equipped with a 
Mettler FP 52 hot stage and a Mettler FP 5 temperature 
controller. The effect of electric field induced domains was 
studied on two compounds. A commercially available 
epoxide [ 12,131 (4-[(S,S)-2,3-epoxyhexyloxy]phenyl 4- 
decyloxybenzoate, abbreviated as EPHDBPE) with the 
phase sequence [14] 

195.7 N* (78.1 S$) (57.2 S$) ("C) 

in LC cells (E.H.C. Co. Ltd.) with 6 p m  cell gap, IT0  
electrodes and parallel rubbed polyimide orientation 
layers served as a sample with a helical Sg director 
configuration. As a non-helical, surface stabilized sample, 
4-(2'(R) -2'-chloro-3'-methylbutyroyloxy)-4'-(4'-octyl- 
oxybenzoy1oxy)bibenzyl [ 15-1 71 (abbreviated as D8) was 
studied using 4pm LC cells, with IT0 electrodes and 
parallel rubbed polyimide orientation layers; this com- 
pound exhibits the phase sequence 

I 134.5 N* 129.4 TGB A* 129-2 SX 125.6 S; 92.9 
ST 83.7 S$ ("C). 

Measurements of the optical director tilt angle and the 
rotational position of the layer normal were performed 

using a met!- .d walogous to that introduced by Bahr et al. 
j181. The transmission of the polarization up- and 
down-states of the FLC cell is recorded as a function of the 
orientation of the cell between crossed polars (rotation 
angle y). The transmissions of the up- and down-states are 
described by sin2 (2y)-functions which exhibit a phase 
shift of 28 with respect to each other (see figure 3). The 
transmissions of the up- and down-states are equal at the 
intersection point of both curves, and the polarizer points 
along the smectic layer normal. Therefore, the rotation 
angle of the intersection point represents the orientation of 
the layer normal. The electric field, which is used to switch 
between the up- and down-states, has to be an a.c. electric 
field in order to avoid screening of the external electric 
field by ionic impurities in the S t  phase. An electric square 
wave field was applied with frequency ,f= 200 Hz and 
amplitude E = 1 MV m - '. The rubbing direction x of the 
polyimide orientation layer of the cell coincides with a 
rotation angle of the hot stage of y = 0". The transmitted 
light intensities of the two stationary states polarization up 
Z,,(cp) and polarization down Zd<,,,(cp) are recorded as a 
function of the rotation angle y. The director tilt angle 0 
and the angular position of the layer normal k with respect 
to the rubbing direction x is determined as follows: the 
transmitted light intensities of the two stationary states 
between crossed polarizers are described by 

and 

Idown - sin2 (2(cp + hdown)) (1  6 )  

where cp is the rotation angle of the sample in the plane of 
the substrate and d,,, ddown are the phase shifts of the curves 

I 1 1- I 

-40 30 20 -10 0 10 20 30 40 

Rotation Angle cp I deg 

Figure 3. Illustration of the electro-optic method used to 
determine the director tilt angle 0 and the orientation of the 
layer normal at the intersection. 
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for the two stationary states as compared to the Z ( q )  curve 
in the Sx phase. The recorded intensities lup,down((P) are 
normalized to fit equation (1 a) and (1 b). The phase shift 
between the two curves lup(q) and Idown(q) is equal to twice 
the optical director tilt angle: 

- 

- 

- 

- 

At the position of the middle intersection point of the two 
curves, the two stationary states appear optically equal 
between crossed polarizers (Znp = sin' (26,,) = sin2 
(2ddown) = Idown). The cp-coordinate of this position then 
corresponds to the angle a between the rubbing direction 
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x and the layer normal k. The angle a may be equal to 
the director tilt angle for an ideal horizontal 
chevron configuration or equal to zero for an ideal vertical 
chevron configuration. 

3. Results 
The first series of measurements was taken by slowly 

heating the oriented sample through the S 5  phase and 
recording the Z,,(cp) and &own(q) data for several different 
temperatures. The data are depicted in figures 4 (a)-( f )  for 
temperatures T =  118, 120, 122, 123, 124 and 125"C, 
respectively. Filled circles represent the Zup(q) and open 
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Figure 4. Measurements of the transmitted light intensities of the polarization up state (0) and the 
polarization down state (0) as a function of the rotation angle cp of the cell in the plane of the substrate 
for (a) T =  118"C, (b) T =  120"C, (c )  T =  122'C, (d )  T =  123°C (e) T =  124OC and (f) T =  125'C, 
befbre the high field treatment. Lines depict the results of the best-fit calculations according to equations 
(1 a)  and (1 b), by means of a simplex algorithm. The middle intersection point of the two curves, which 
represents the angular position of the layer normal, stays constant at cp = 0. 
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182 I. Dierking et ul. 

ferroelectric domains are spontaneously formed, one in the 
polarization ‘up’ and one in the polarization ‘down’ state 
(see figure 5 (a)) .  The angle between the respective 
directors n corresponds to 28. Applying an electric field E 
in the - z direction, all molecules reorient in the 
polarization ‘down’ state and the director n makes an angle 
8 with the layer normal k (see figure 5 (b) ) .  Reversing the 
direction of the electric field, the molecules reorient by an 
angle 28 along the tilt cone into the polarization ‘up’ state 
(see figure 5 (c)). 

The second series of measurements was obtained after 
application of a high electric field with amplitude 
E = 1OMVm-’ at T = 115°C for about 5 s. TheZ,,(cp) and 
Idown(cp) curves are now considerably different from the 
respective curves of the first series and are depicted in 
figures 6 (a)-( f ) .  The phase shift between two correspond- 
ing curves is still the same as before, but the orientation 
coordinate of the layer normal has changed and is now 
dependent on temperature. The director tilt angle still has 
the same value as before (see figure 7), but the angle r 
between the rubbing direction x (cp = 0”) and the layer 
normal k is now equal to the director tilt angle (a  = 8 ) .  
Figure 8 depicts the dependence of the layer angle a on the 
director tilt angle 8, parametrized by the temperature. The 
line shows a least-squares fit, which yields a slope of 
1.007, thus giving a functionality a = 8, disregarding the 

E = O  

k.x 

E c 3  

(b)  
k,x 

Figure 5. Top view of the layer- and director-configuration in 
the cell for different directions of the electric field, E, before 
the high field treatment. (a )  E = 0, (6)  E in - L direction and 
( c )  E in + z direction. x is the rubbing direction, k the layer 
normal, n the director and 0 the director tilt angle. 

circles the fduw,,(cp) values. The lines are the results of the 
best-fit calculations, fitting equation (1 a )  and 1 (b) to the 
normalized data. The phase shift between two respective 
curves, and therefore the director tilt angle 8, decreases 
with increasing temperature, as expected. The middle 
intersection point of the two curves remains constant at 
cp = O”, which means that the orientation of the layer 
normal k is independent of temperature and exhibits an 
angle CI = 0” with the rubbing direction x, i.e. rubbing 
direction and projection of the layer normal coincide for 
all temperatures. This configuration is the well-known 
vertical chevron geometry depicted in figures 5 (a)-(c) as 
a top view of the cell. At zero electric field, two kinds of 

small offset angle a=0.7” for 8 =On which is within 
experimental error for the orientation of the cell in the hot 
stage. 

A structural model for this behaviour is depicted in 
figure 9 (a)-(c) and supported by texture photographs 
(see figures lO(a)-(c)), which were taken at a hot stage 
position cp = 0” and temperature T = 110°C. After the high 
field treatment, the director n coincides with the rubbing 
direction x. This is only possible, if the layers reorient by 
an angle a = 8. The director tilt angle 8 is essentially fixed 
by thermodynamics. At zero field after the high field 
treatment, the two domain types ‘1’ and ‘2’, which have 
formed, appear equal in intensity and are both in the dark 
state between crossed polarizers (see figures 9(a)  and 
lo(a)). Applying an electric field in the - z direction, 
molecules ofdomain type ‘1  ’, which are in the polarization 
‘up’ state, switch by an angle 28 into the polarization 
‘down’ state, while the molecules of domain type ‘2’. 
which are already in the polarization ‘down’ state, remain 
in position (see figure 9 (b) and figure 10 (6)). Reversing 
the direction of the electric field, all molecules reorient by 
an angle 28 and domain type ‘ 1 ’ now appears optically as 
domain type ‘2’ before, and vice versa (see figure 9 (c) and 
10 (c)). Observing the cell between crossed polarizers 
while applying a low frequency square wave field, 
the switching between the configurations depicted in 
figures 9(b) and 9(c) appears optically as if the two 
domain types switch in an opposite fashion (see figures 
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Figure 6. Measurements of the transmitted light intensities of the polarization up state (@) and the 
polarization down state (0) as a function of the rotation angle cp. of the cell in the plane of the substrate 
for(a)T= 118"C,(b) T =  120"C, (c) T =  122"C,(d)T= 123"C,(e)T= 124"Cand(f) T =  125"C,afer 
the high field treatment. Lines depict the results of the best-fit calculations. The middle intersection point 
of the two curves, which represents the angular position of the layer normal, now clearly varies as the 
temperature is changed. 

1 0  (b) and 10 (c)), due to the different layer orientations for 
both domain types. 

Plotting all curves of the first measurement series (see 
figures 4 (a)-( f ) )  in a single diagram (see figure 1 1  (a)) 
and those of the second measurement series (see figures 
6 (a)-( f )) in another diagram (figure 1 1 (b)), it is clear that 
the measurements of the second series were taken in a 
domain type '2' .  Figure 11 ( a )  shows a decreasing director 
tilt angle with increasing temperature, while the layer 
normal remains constant at q = 0". This is the well-known 
process depicted in figure 4, with CI = 0. Applying the high 
electric field and reorienting the layers by an angle CI = 8, 

the Zd,,,(cp) curves coincide for all temperatures, with a 
minimum light intensity at cp = O", while the Zu,,(cp) curves 
are shifted by the amount of the change of the director tilt 
angle, when changing the temperature (see figure 1 1  (b)). 

The layer configurations of the vertical and horizontal 
chevron configurations can directly be confirmed by 
investigation of helical samples of EPHDBPE. This 
compound also forms horizontal chevrons when exposed 
to an electric field strength of only 2 MV m- I .  The pitch 
of the S; helix is about 3 pm, so that preparation of the 
substance in a 6 pm LC cell produces equidistant disclina- 
tion lines [1,2], which are parallel to the layer plane. 
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(a> 

% 

Figurc 7. Optical director tilt angle 0 as a function of 
temperature: (0) first measurement series before and (A) 
cecond measurement series after the high field treatment. 

O b  ' 5 ' ' 10 ' 15 ' 20 ' ' 25 ' *  

T i l t  angle / ' 
Figure 8. Layer angle a, between the layer normal k and the 

rubbing direction x, as a function of the director tilt angle 
0. The line represents the result of a linear least-squares fit 
and yields a slope of 1 ,  which demonstrates the linear 
relationship a ( T )  = O ( 7 ) .  

Applying a 2 MV m - ' electric square field with frequency 
f =  200 Hz for about 5 s produces a domain texture as 
depicted in figure 12 (a) for zero field E = 0. Two types of 
domains are clearly visible. The layers of these domains 
are tilted i n  opposite direction with respect to thc 
rubbing direction, as demonstrated by the disclination 
lines parallel to the layer plane. Application of a positive 
d.c. field ( E  = + 1 MV m -  ') or a negative d.c. field 
( E  = - 1 MV m -  ') results in the same observations as 
discussed above (see figures 12 (b)  and 12 (c) ,  respect- 
ively). 

4. Discussion 
The field induced domain formation in FLC cells can be 

explained by a model proposed by Shao et al. [ 191, for the 
stripe-shaped texture. Recently, several papers have 
discussed models for the stripe-shaped texture [ 19-23], 

n ,x n ,X 

\ ' k. ' k  

Figure 9. Model of the electric field induced domain structure 
as a top view of the cell after the high field treatment, for 
different directions of thc electric field E. ( a )  E = 0 ,  
(b)  E in ~ z direction and ( c )  E in + z direction. x is the 
rubbing direction, k the layer normal, n the director and I )  
the director tilt angle. The domain types ' 1 ' and '2' are the 
same as those depicted in the texture photographs 
(see figure 10). 

and it was usually found that the width of the stripes is 
approximately equal to the cell gap. The formation of 
large, field induced domains, which may extend across the 
whole electrode area of the cell, can be described by an 
analogous mechanism as proposed in [ 191. 
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Electfic field induced domain formation 185 

Figure 10. Texture photographs for D8 of the two field induced Texture photographs of a helical sample of the 
domain types '1' and '2' after the high field treatment. compound EPHDBPE afer the high electric field treatment 
(a) E=OMVm-l ,  (b)  E =  - 2 M V m - '  d.c. and (c) at T = 76°C (a )  E = 0 MV ni - I ;  the directions of the layer 
E = f 2 MV m -  I d.c. The observed textures are consistent planes for the two domain types are clearly distinguishable 
with the model of figure 6. The depicted area is 1 X 0-5 mm2 by the disclination lines of the S z  helix, (b) 
in each case. E =  + l M V m - '  d.c. and (c) E =  - 1MVm- '  d.c. 

Figure 12. 

10 scale units = 120 pm. 

I 

5 0.8 5 0.8 

0.6 * 0.6 
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E 0.2 -z - 0.2 
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-40 -20 0 20 40 60 80 

Azimuth angle / Azimuth angle / 
Figure 11. (a) The first measurement series before the high field treatment, depicted in a single diagram: (0) T =  I ISOC, (0) 

T =  12OoC, (0) T =  122"C, (A) T =  123"C, (0) T =  124OC and ( X ) T =  125OC. The phase shift between the I , , , (q )  andI~,,,(q) 
curves clearly increases with decreasing temperature, accounting for an increase of the director tilt angle, while the middle 
intersection point of corresponding curves stays constant at cp = 0, suggesting that the angular position of the layer normal does 
not change when the temperature is vaned. (b) The second measurement series after the high field treatment, with data point 
symbols as above. The I d o w n ( q )  curve stays constant and the I U p ( q )  is shifted to higher values as the temperature is lowered, to 
account for the increasing director tilt angle. The middle intersection between the two curves, which represents the angular position 
of the layer normal, now changes when the temperature is varied. 
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I86 I. Dierking et al. 

Figure 13. ( a )  Model of the vertical chevron layer structure, the 
initial structure of the smectic layers in FLC cells, and 
(b)  the texture micrograph of a helical sample of this 
structure, observed for EPHDBPE at T = 76°C before the 
high field treatment. lounits of scale L 60 pm. 

The initial layer structure in the cell is of the vertical 
chevron type [4,5] with zigzag defects mediating regions 
of chevron shaped layers, tilted in opposite directions 
[5,6]. The transition zones are of the bookshelf type 
with layers tilted by the amount of the chevron angle with 
respect to the rubbing direction [19]. This structure is 
depicted in the model of figure 13 (a). Figure 13 (6) shows 
a corresponding texture photograph of EPHDBPE with the 
initially formed, vertical chevron structure. The disclina- 
tion lines due the S z  helix are parallel to the smectic layers 
and normal to the rubbing direction. The zigzag defects 
may be discovered by careful observation. The high field 
treatment forces the chevron layers to straighten up, as has 
been demonstrated in several publications [24-3 I]. This 
means that, by application of a reasonably high electric 
field, the bookshelf areas, previously mediating two 
regions of opposite chevron direction, grow at the expense 
of the chevron regions, until the layer structure in the cell 
is of bookshelf type with the layer normal inclined to the 
rubbing direction by the amount of the previous chevron 

Figure 14. (a)  Model of the horizontal chevron layer structure, 
the structure of the smectic layers in the cell after the high 
electric field treatment and (6)  the texture micrograph of the 
corresponding helical structure (EPHDBPE, T = 76"C, 
10 units of scale & 60 Bm.) 

angle. The transition zone between two bookshelf regions 
of opposite tilt is of the chevron type. The layer structure 
of the cell now resembles that of the well-established 
vertical chevron structure turned through 90°, called a 
horizontal chevron structure, which is depicted in 
the model of figure 14 (a). Figure 14 (b) again depicts the 
corresponding texture photograph of EPHDBPE. The 
disclination lines due to the S$ helix again are parallel to 
the smectic layers, indicating that the layer configuration 
has changed as compared to figure 13(b). The chevron 
transition zone mediating the two field induced domains 
is clearly observable by its bright colour. 

It should be noted that the field induced layer tilt 
direction can be influenced by an additional small d.c. bias 
to the applied a.c. electric field as also observed by Pate1 
et al. [8,9]. The time needed for such a reorientation across 
the whole electrode area is in the order of magnitude of 
1-10s. It should further be noted that the electric field 
induced domain formation is not restricted to compounds 
with a N*-S$ transition, where this process is often 
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Electric jield induced domain formation 187 

observed, but can also appear for compounds with 
different phase sequences as demonstrated for D8 with a 
N*-TGB A*-S&SZ sequence. 

5. Conclusions 
The reorientation of vertical to horizontal chevron 

configurations in FLC cells for different helical and 
non-helical samples has been investigated by polarization 
microscopy and by an electro-optical method, which 
yields the director tilt angle and the azimuthal position of 
the smectic layer normal. The layer structure of the cell 
after a high field treatment resembles that of a horizontal 
chevron, with the layer normal tilted with respect to the 
rubbing direction by the amount of the previous chevron 
angle, which is equal to the director tilt angle for the 
compound studied. The process of changing the initial 
vertical chevron structure to the domain structure can be 
described in terms of a model [19] proposed for the 
stripe-shaped texture, although there is no relation 
between the size or shape of the domains and the cell gap, 
as found for stripe-shaped textures. 

The field induced domain formation in FLC cells can be 
regarded as the transition from a vertical chevron 
structure, with bookshelf transition zones between regions 
of opposite chevron direction, to a horizontal chevron 
structure, with chevron transition zones between book- 
shelf areas with opposite tilt of the layer normal with 
respect to the rubbing direction. 
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