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director,  n , and form periodically spaced 
lamellae (layers) perpendicular to  n , with 
period (layer thickness)  a  of the order of 
a few nm. [ 27 ]  Since bending a lamella 
requires much less energy per unit area 
than changing its thickness ,  the shape 
of a curved lamella propagates to neigh-
boring lamellae with negligible variation 
of the period  a . This can be accomplished 
by shifting constant distances along the 
lamella normals, thereby generating a set 
of confocal surfaces with shared centers of 
curvature. [ 28–30 ]  The orientation and shape 
of the confocal lamellae result from the 
balance between bulk elastic (structural) 
forces due to layer deformations, surface 
interactions imposing preferential ori-
entations to  n  (anchoring), external elec-

tromagnetic fi elds and geometrical boundary conditions. In 
SmA fi lms and periodic materials, the formation of patterns 
and their response to external fi elds are intimately connected 
to the nucleation, annihilation and rearrangement of topolog-
ical defects. [ 28 ]  In SmA fi lms subject to confl icting anchoring 
conditions at opposite interfaces, the  n  fi eld is distorted and 
the lamellae bend to satisfy both anchoring conditions. The 
deformation fi eld is associated with singularities – disclination 
and dislocation lines, and wall defects – and may be partially 
released by allowing local departures from the anchoring con-
ditions [ 21 ]  and/or confocality rule. [ 29,31,32 ]  Defects interact with 
each other and with the interfaces via long-range elastic forces 
and self-assemble into multi-defect domains whose symmetry 
refl ects that of the interfaces. Surface interactions that do not 
impose any particular in-plane alignment, such as degenerate 
parallel (planar) and normal (homeotropic) anchoring, produce 
axially symmetric defect domains known as toroidal focal conic 
domains (FCDs) that self-organize into close-packed hexagonal 
lattices. [ 16–18,25 ]  On the other hand, oriented 1d arrays of straight 
linear domains (LDs) [ 12–15,33 ]  and lattices of eccentric FCDs [ 19,21 ]  
are created at the interface between air, inducing homeotropic 
anchoring, and a substrate inducing unidirectional planar 
anchoring. 

 In the present work, we considered homeotropic and uni-
directional planar anchoring conditions for SmA fi lms sand-
wiched between rigid electrode plates. An electric fi eld was 
applied normal to the plates and the director  n  tended to align 
parallel to the fi eld. We were able to create highly oriented 1d 
arrays and 2d lattices and control the pattern type (1d/2d) and 
period by varying the fi lm thickness and/or the applied electric 
fi eld. Striped patterns were stable over the entire temperature 
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  1.     Introduction 

 Periodic soft materials with spontaneous breaking of translation 
symmetry such as block copolymers (lamellar, cylindrical, cubic 
and gyroid phases) [ 1–3 ]  and liquid crystals (smectic, cholesteric 
and columnar phases) [ 4–10 ]  are being actively investigated for 
creating self-assembled ordered structures and templates for 
micro and nanoscale applications. Periodic soft materials may 
help overcome the limits of current microfabrication tech-
niques in terms of easiness, rapidity, cost and spatial resolution, 
with the added benefi t of a large response to external stimuli. [ 11 ]  
In the past few years, thermotropic smectic A (SmA) liquid 
crystals (LC) have emerged as a promising class of materials 
for creating large-area 1d [ 12–15 ]  and 2d [ 16–22 ]  periodic micropat-
terns to be used in applications such as guided assembly of dis-
persed colloids and nanoparticles, [ 14,15,20,23 ]  soft lithography [ 24,25 ]  
and microlens arrays. [ 26 ]  SmA LCs are made of rod-like mol-
ecules that tend to align with each other along a common 
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range of the SmA phase, as opposed to transitional effects 
reported in Cladis and Torza. [ 34 ]  In contrast with fi eld-driven 
electro-hydrodynamic patterns observed in the nematic (N) 
phase (Williams domains [ 27 ] ), our patterns could be created 
with DC fi elds and corresponded to static arrangements of the 
SmA lamellae. Pattern morphology could be controlled at the 
N → SmA transition but remained largely unaffected by fi eld 
variations applied in the SmA phase. Therefore, the system was 
bistable in the SmA phase, i.e., different pattern morphologies 
could be obtained for a same voltage depending on the voltage 
applied during the N-SmA transition. Such behavior indicates 
that large energy barriers hinder the rearrangement of defect 
patterns in response to applied fi elds.  

  2.     Results 

  2.1.     Field-Off Patterns 

  Figure    1   shows large-area periodic arrays of LDs obtained in 
the SmA phase of two thermotropic LCs, 8CB and SCE12, with 
different phase sequences (including chiral phases for SCE12) 
and chemical-physical properties. The samples were confi ned 
to a thickness  h  ≤ 7 µm between glass plates treated to impose 
incompatible unidirectional planar anchoring (rubbed polymer 
polyimide, PI) and homeotropic anchoring (monolayer of 
silane surfactant, OTS). [ 35 ]  Under a polarizing optical micro-
scope (POM) with crossed polarizers, the samples appeared as 
a sequence of alternating dark (non-birefringent) and bright 
straight lines, perpendicular to the planar anchoring direction 
 x . The transmitted light intensity showed a sinusoidal modula-
tion along  x  due to a periodic variation of the refractive index. 
Such modulation diffracted the light of a green laser beam 
under normal incidence (Figure  1 , inset). 

  When the sample thickness  h  increased above 1.3 µm, LD 
arrays coexisted with isolated FCDs and patches of a FCD lat-
tice, which developed into a full close-packed 2d lattice as the 
thickness was increased above 2.2 µm ( Figure    2  ). 

  Laser diffraction showed that the lattice was hexagonal 
(Figure  2 , Inset). For both LD arrays and FCD lattices, the 
period  d  (lateral domain size) increased almost linearly when  h  

increased,  d ≈ d  0  +  αh , with different slopes  α  and offset  d  0  for 
LDs and FCDs ( Figure    3  ). Notice that the slope was α = 2 for 
LDs formed in both 8CB and SCE12, indicating that the same 
array structure was created by the two compounds, despite their 
different chemical structure. At the transition between the two 
pattern types, the lateral size of isolated FCD and the period of 
FCD patches were comparable to the period in LD regions. 

  In cells with uniform thickness  h , the period  d  of LD arrays 
was constant. Uniform arrays covering areas as large as 0.1 mm 2  
(more than 0.3 mm lateral size) could be routinely obtained. 
Also, LDs running across the entire uniform area without inter-
ruptions or changes in brightness were frequently observed 
(Figure  1 ). For a given  h,  the lateral size  d  varied slightly among 
the different domains and from sample to sample. The dis-
persion was δ d/d  < 0. 2 for LD arrays and increased for FCD 

Adv. Funct. Mater. 2015, 25, 142–149

www.afm-journal.de
www.MaterialsViews.com

 Figure 1.    POM images of large-area, self-assembled arrays of LDs 
obtained in the absence of electric fi eld. The planar anchoring direction 
was parallel to  x  and the polarizers were oriented as shown by the cross. 
a) 8CB sample with a thickness  h =  1.2 µm and period  d  = 2.6 µm. Inset: 
Diffraction pattern for green laser light. b) SCE12 sample with  h =  1.2 µm 
and period  d  = 2.7 µm.

 Figure 2.     a) POM image of a close-packed lattice of non-toroidal FCDs 
obtained in the absence of electric fi eld. The planar anchoring was parallel 
to  x  and the polarizers were oriented as shown by the cross. The sample 
thickness was  h =  2.7 µm and the period  d  = 4.6 µm. Inset: Diffraction 
pattern at normal incidence for a green laser light, showing hexagonal 
symmetry. b) Region of coexistence at the transition between FCDs and 
LDs ( h  = 1.2 – 1.8 µm)

 Figure 3.    Lateral domain size (period)  d  as a function of the fi lm thick-
ness  h . Circles and triangles indicate respectively LDs and FCDs for 8CB 
samples. White squares in the foreground correspond to LDs formed in 
SCE12. Solid and dotted lines are linear fi ts,  d = d  0  + α h , with  d  0  = 0.3 µm 
and α = 2 for LDs, and  d  0  = 3.1 µm and α = 0.62 for FCDs. Each color 
corresponds to a different sample.
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lattices. Such dispersion is much larger than the experimental 
errors on  d , and appears to be intrinsic to the mechanisms of 
defect nucleation and close-packed self-assembly that leads to 
pattern formation. 

 Simple POM observations of 8CB samples provided a coarse-
grained picture of the director fi eld inside the striped LD arrays 
presented in  Figure    4  a. 

  The director  n  lied in a vertical plane parallel to  x , was 
invariant along the perpendicular direction  y  and was periodi-
cally tilted from the surface normal  z  towards the direction  x . 
Because of the tilt modulation, laser diffraction was barely 
detectable when the light polarization was parallel to  y , i.e., per-
pendicular to  n  and insensitive to the tilt modulation. Non-bire-
fringent dark lines of the LD array corresponded to homeotropic 
regions where  n  was normal to the surfaces (zero tilt) across the 
fi lm thickness, whereas bright lines corresponded to maximum 
tilt. In the bright lines, the optical phase retardation Γ =  h δ n  

increased linearly with the sample thick-
ness  h , with local birefringence δ n  = 0.13 
close to the maximum value δ n  0  = 0.165 for 
8CB at room temperature [ 36 ]  (Figure  4 b). 
This showed that  n  was planar (90° tilt) 
across most of the fi lm thickness. Such 
coarse grained picture of the director fi eld 
and lamellae arrangement in the LD arrays 
is similar to that obtained by POM for open 
8CB fi lms deposited on crystalline surfaces 
and further detailed by high-resolution X-ray 
diffraction measurements. [ 12,31,33,37 ]  These 
studies have shown that LDs contain lamellae 
that satisfy both anchoring conditions by 
starting and ending with a vertical orien-
tation ( n  planar) on the planar anchoring 
surface, and pass trough a horizontal ori-
entation ( n  homeotropic) in between (see 
thick lamella in Figure  4 a). The lamellae are 
shaped as hemicylinders fl attened along the 
confi nement direction  z . Building on these 
ideas, we propose a simple explanation for 
the slope α = 2 of the  d  vs  h  curve of LD 
arrays (Figure  3 ). When  h  increases, LDs 
grow confocally by propagating the fl attened 
hemicylinder shape: adding one lamella on 
top increases the domain height  h  by  a  and 
the lateral size  d  by 2 a  (Figure  4 a). How-
ever, when the domain has height  h  above 
the rubbed polymer substrate at the domain 
center ( x  = 0, Figure  4 a), there should be 
 n = h / a  lamellae inside it, spanning a dis-
tance  d  =  2 na = 2 h  along  x . The presence of 
an offset such that  d = d 0  + 2 h >2 h  indicates 
that not all the lamellae inside of a LD are 
built confocally and there are non-confocal 
regions inside and surrounding the confocal 
domain. These regions are typically located 
in the proximity of topological defects. In 
our samples we expect a defect, most likely 
a disclination line, at the domain center 
where the confocal construction leaves the 

lamellae orientation undefi ned (point  O  with  x  = 0 and  z  = 0 
in Figure  4 a). At the domain boundary, the lamellae close to the 
homeotropic surface must be fl at to conform to the boundary 
plate and suddenly bend by 90° to reach the polymer surface 
with a vertical orientation (point with  x  = ±  d /2 and  z = h  in 
Figure  4 a). Most likely, these lamellae locally violate the homeo-
tropic anchoring and reach the domain boundary with a tilted 
orientation, thereby creating a curvature wall or a disclination 
line (Figure  4 c). 

 It is more diffi cult to determine the lamellae arrangement 
inside the FCDs due their 3d nature implying many para-
meters to describe eccentricity, orientation, completeness, etc. 
By analogy with similar patterns obtained in open fi lms [ 21 ]  and 
closed cells [ 19,38 ]  we deduce that the FCDs (Figure  2 a) were non-
toroidal (eccentric), with the major axis of the ellipse oriented 
along the anchoring direction  x  and the conjugated hyperbola 
lying in the vertical plane parallel to  x .  
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 Figure 4.     a) Cross-sectional view of the internal LD structure in the absence of a fi eld. Molecules 
are shown as blue rods, lamellae as lines.  n  is the director, perpendicular to the lamellae, and 
 a  is the lamella thickness. Lamellae are added confocally to the lamella shown as a thick line. 
b) Phase retardation Γ of the brightest regions ( x  = ±  d /2) as a function of the sample thickness 
 h . Different colors correspond to different samples. The solid line corresponds to Γ =  h δ n  with 
birefringence δ n  = 0.13. c) Disclination lines and curvature walls (black dots) are expected at 
the boundary between neighboring domains and at the domain center  O .
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  2.2.     Field-on Patterns 

 We prepared 8CB samples with thickness  h  = 6 – 12 µm that 
produce 2d lattices of FCDs in the absence of a fi eld. When 
a DC voltage  V  was applied while keeping the samples in the 
SmA phase, the overall pattern morphology remained unaf-
fected. However, when the samples were cooled down from the 
isotropic phase while applying the same voltage  V , 1d arrays of 
LDs could be created at the N – SmA transition if  V  was suf-
fi ciently high ( Figure    5  ). 

  The size  d  of the LDs increased approximately linearly 
with the fi lm thickness  h  and decreased with  V  ( Figure    6  a). 
For  V  > 10 V ,  the period of the LDs was too small to be 
resolved by POM but the white light coming from the 
microscope lamp was diffracted along the  x  direction with 
a green-blue tint, indicative of a LD arrays with small period 
 d . The slope of the  d  vs  h  line decreased as  V  increased and 
was smaller than the value α = 2 measured for LDs in the 
absence of a fi eld. When  V  was decreased below about 5 V, 
FCDs appeared fi rst in thick regions of the SmA sample, 
then in regions with decreasing thickness as  V  was further 
decreased. As for the  E  = 0 case (Figure  3 ), LDs coexisted 
with FCDs in the transition region. 

  This seemingly complex response to changes of thickness 
and voltage was much simplifi ed by considering  d  as function of 
the inverse of the electric fi eld 1/ E  =  h / V  (Figure  6 b). All  d ( h,V ) 
curves reduced to a linear master curve,  d = d  0  + α/ E , with slope 
α = 1.4 V and offset  d  0  = 0.3 µm. Moreover, it became apparent 
that LDs and FCDs coexisted when 1/ E  was between 1.6 µm/V 
and 2.3 µm/V, and the transition from 2d to 1d was complete 
only for 1/ E  < 1/1.6 µm/V corresponding to  E  > 0.6 V/µm 
(Figure  6 b). A similar behavior was observed when the fi eld 
was modulated (AC voltage) at frequencies ranging from 0.1 to 
100 kHz. For a given voltage  V,  the period of the LD arrays was 
uniform over areas with uniform thickness  h  (i.e., uniform  E ) 
and we could routinely obtain areas as wide as 0.3 mm showing 
uniform period  d . The period dispersion was δ d / d  < 0.2, com-
parable to that obtained for fi eld-off patterns (Figure  1 ). In con-
trast to the latter case, the LDs were frequently interrupted and 
showed variations of brightness along their length (Figure  5 ). 
The average length of the uninterrupted domains was signifi -
cantly smaller than the lateral extension of the uniform regions. 

 To understand the similarities observed in the  E  = 0 case for 
a varying thickness and in the  E  > 0 case for a varying fi eld 
strength ,  we consider the director fi eld  n  in the N phase and 
how it changes in response to variation of  E  at the SmA-N tran-
sition ( Figure    7  ). 

  The application of a fi eld introduces a dielectric term: 
(ε a /2) ( n·E ) 2  in the free energy, where ε a  is the dielectric 
 anisotropy, that couples the director distortion with the external 
fi eld. When  E  is increased in the N phase, an increasingly thick 
portion of the LC fi lm close to the surface inducing homeotropic 
anchoring becomes uniform and homeotropic (i.e.,  n � E ). The 
region where  n  signifi cantly tilts from  z  and  E  becomes increas-
ingly confi ned near the surface inducing planar anchoring. 
The thickness of this region is given by the electric coherence 
length ξ = ( K /ε 0 ε a ) 1/2 / E , where  K  is the elastic constant of the 
LC and ε 0  the permittivity of vacuum. [ 27 ]  For 8CB,  K  = 9 pN, 
ε a  = 9 and ξ ≈ 0.3 µm/ E  at the N-SmA transition. [ 39 ]  As the 
sample is cooled to the SmA phase, the homeotropic region 
turns into a set of mostly fl at horizontal lamellae while curved 
lamellae are formed in the tilt region (Figures  7 c and d). Thus 
the electric fi eld  E  has an effect analogous to that of a compres-
sion that reduces − from  h  to ξ − the thickness available for cre-
ating curved lamellae. Accordingly, we can induce a transition 
from 1d arrays to 2d lattices either by decreasing the thickness 
with  E  = 0, or by increasing  E.  Following the model of Figure  4 a 
and replacing  h  with ξ, we expect  d = d  0  + 2 ξ =  d  0  + 0.6 / E.  
While the offset was indeed  d  0  = 0.3 µm, the size was found to 
increase with ξ faster than expected,  d = d  0  + 1.4 /  E  =  d  0  + 4.7 ξ, 
suggesting that the effective confi nement thickness was larger 
than ξ. Clearly, the scaling argument relating  d  and  E  through 
ξ cannot be pushed further without considering the fi ne details 
of the  n  fi eld distortion in the N phase and how  n  is reconfi g-
ured at the N-SmA transition to fulfi ll the additional constraint 
of constant layer thickness. 

 In a hybrid (planar-homeotropic) nematic cell subject to DC 
voltage, fl exo-electricity and surface interactions (e.g., accumu-
lation of ionic impurities at the electrodes) may create a polari-
zation fi eld  P  that contributes to the free energy with terms of 
the form  P·E . [ 40,41 ]  These effects can be time-averaged to zero 
by applying AC fi elds with frequencies in the kHz range. [ 42 ]  
We obtained similar patterns for DC and AC fi elds (Figure  6 b), 
showing that polarization effects in the N phase were sec-
ondary in establishing the properties of the patterns in the 
SmA phase. On the other hand, the additional constraints of 
the SmA phase on the  n  fi eld may play an important role. For 
instance, for  E  > 0 the topmost layer (reaching the maximum 
height  z ) of a fl attened hemicylinder does not reach the home-
otropic boundary and does not have to conform to the rigid 
plate geometry. Therefore hemicylinders can be more rounded 
at the top and defects at the domain boundaries may differ 
from the  E  = 0 case (Figure  7 c and  7 d). These differences are 
also refl ected in the behavior of the 1d-2d transition. For  E  = 0 
(Figure  2 b and  3 ), LDs and FCDs of comparable size  d  = 3.6 
– 4.4 µm coexisted in the transition region ( h  = 1.3 – 1.9 µm). 
For  E  > 0 (Figure  6 b), the domain size increased discontinu-
ously at the transition, the FCD size being almost double the 
LD size. The size of the LDs and FCDs in the transition region 
were respectively smaller and larger than the size observed in 
the absence of a fi eld.  
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 Figure 5.     Arrays of LDs created by applying an electric fi eld in an 8CB 
sample while cooling from the N to the SmA phase. a) Film thickness 
 h =  7.1 µm, voltage  V =  5 V. The inset shows the FCD lattice formed in the 
same region after cooling from N phase with a lower voltage. 
b)  h =   8.1 µm, voltage  V =  8 V.
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  2.3.     Texture Persistence and Bistability 

 When the fi eld was varied in the SmA phase after creating a 
1d array or 2d lattice, the pattern type did not change and the 
period remained almost constant for more than one day after 
varying the fi eld ( Figure    8  ). For both LD arrays and FCD lattices 
we observed only a small decrease of domain birefringence due 
to widening of the homeotropic regions and/or decreasing bire-
fringence of the bright regions. In particular, applying a fi eld 
 E  > 0.6 V/µm during the N-SmA transition created a LD array, 
but switching from zero to the same value of  E  in the SmA 
phase did not replace the FCD lattice with a LD array. There-
fore, the system was bistable and the creation of a 1d or 2d 

texture depended on how the fi eld and temperature were varied 
to reach a particular state in the SmA phase. 

  When a FCD lattice was heated to the N phase without 
changing the fi eld, a faint lattice texture was observed by POM 
in the N phase due to surface memory effect, i.e., the persis-
tence in the N phase of the  n  fi eld created on the substrates in 
the SmA phase. [ 21,43 ]  The print could be erased in the isotropic 
phase by increasing the fi eld voltage, and LD arrays could be 
created upon cooling into the SmA phase with  E  > 0.6 µm/V. 
However, when a LD array was heated to the N phase without 
changing the fi eld, we could not detect the print of the LD tex-
ture. Therefore, surface memory effect may stabilize 2d pattern 
and hinder the fi eld-induced transition to 1d array, but does not 
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 Figure 6.     a) Lateral size  d  of LDs as a function of the fi lm thickness  h  for different values of DC voltage  V . One symbol is used for each voltage. For 
a given voltage, different colors correspond to different samples. For each  V , the point with maximum  d  is the latest stable point before the transition 
to a FCD lattice. The error bar shows the typical dispersion of the  d  measurements. b) Size  d  as a function of the inverse of the electric fi eld  E = V/h . 
In the shaded region, LDs coexist with FCDs. The straight dotted line has equation  d = d  0  + α/ E  with  d  0  = 0.3 µm and α = 1.4. White circles and tri-
angles in the foreground correspond to sinusoidal AC fi elds with variable peak-to-peak amplitude  E  and fi xed 1 kHz frequency, and variable frequency 
(0.1–100 kHz) with fi xed amplitude, respectively.

 Figure 7.    Internal structure of a linear domain in the presence of an electric fi eld  E . In the N phase, the director  n  tilts from the surface normal  z  in 
a layer with thickness comparable to the coherence length ξ ∝ 1/ E.  The height of the LD in the SmA is comparable to ξ. Varying  E  is not suffi cient to 
change the size of the LDs due to the topological barrier preventing the creation, rearrangement and adsorption of the defects (black dots).
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explain the persistence of 1d patterns and their period when the 
fi eld is decreased or switched off. 

 The likely cause of the pattern bistability and persistence is 
that rearranging the lamellae in response to variations of the 
confi nement thickness ( h  when  E  = 0 or ξ when  E  > 0) involves 
large energy barriers: Our samples remained locked or ‘frozen’ 
in a non-equilibrium state at the N-SmA transition, when the 
constraints of the SmA phase were activated. Indeed, the study 
of striped patterns and two-dimensional (translation-invariant) 
periodic materials, particularly liquid crystals [ 44,45 ]  and cylin-
drical bloc copolymers, [ 44,46,47 ]  has shown that pattern kinetics 
is dominated by the large energy barriers required to change 
the number, type and relative distances of topological defects. 
Namely, the conservation of the total Burger's vector acts as a 
global constraint during pattern transformation. Defects also 
affect the macroscale rheology of SmA LC phases and generate 
bistability in SmA displays. [ 48 ]  Figure  8 b schematically shows 
the progressive confi nement of a 1d array of LDs due to an 
increasing electric fi eld. As ξ is reduced, a stack of horizontal 
layers grows from the surface inducing homeotropic anchoring 
and curved lamellae must be progressively removed from the 
fl attened hemicylinder. Layer removal involves the creation of 
dislocations, an energy-costly process that requires violation of 
the constant-period constraint (confocality rule) around the dis-
location core.   

  3.     Conclusions 

 Applying electric fi elds is a simple and effective way to guide the 
nucleation of defects in SmA fi lms and their self-assembly into 
periodic micropatterns. Compared to other methods such as 
microchannel confi nement [ 20 ]  or surface patterning, [ 49 ]  applying 

electric fi elds gives the advantage of reconfi gurability and bista-
bility that are sought for optical applications [ 26,48,50 ]  and may 
be benefi cial in many applications such as guided assembly 
of nanoparticles interacting with defects [ 14 ]  and fabrication of 
microlens arrays. [ 26 ]  Moreover, 1d arrays with periods smaller 
than 1 µm can be easily created by applying electric fi elds to 
thick cells, instead of fabricating sub-micrometer cells without 
fi eld. From the fundamental point of view, the smectic order in 
1d array has the property of being translation-invariant (along 
 y , Figure  4 a) and can be studied using the methods developed 
for two-dimensional periodic systems such as block copoly-
mers, [ 44,46 ]  natural patterns, wavelets and wrinkles [ 51,52 ]  and 
smectic phases of superconducting materials. [ 53 ]  Also, our work 
with closed cells and electric fi elds evidences the generality – 
yet to be explained theoretically – of the confi nement-induced 
2d to1d transition for a decreasing confi nement thickness, 
previously reported for open fi lms of 8CB on various sub-
strates (molybdenite, [ 12 ]  mica [ 13 ]  and poly-vinyl alcohol [ 14 ] ). This 
phenomenon is largely independent on the confi nement type 
(sample thickness  h  or coherence length ξ), interface chemistry 
(8CB or SCE12 at various substrates), boundary rigidity (glass 
plates vs air interface), surface anchoring strength, pre-tilt and 
order (smooth crystalline vs rough amorphous polymer sub-
strates), as long as the surfaces induce confl icting homeotropic 
and unidirectional planar anchoring.  

  4.     Experimental Details 
  LC Materials : 8CB (4′-octyl-4-biphenylcarbonitrile from Sigma-Aldrich) 

has the phase sequence SmA ↔ 32.5 °C ↔ N ↔ 40 °C ↔ Isotropic. 
SCE-12 (from Merck, England) is a ferroelectric mixture with negative 
dielectric constant, showing the sequence SmC* ↔ 64 °C SmA ↔ 
78.8 °C ↔ N* ↔ 118.0 °C ↔ Isotropic, where * indicates chiral 
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 Figure 8.     a) Persistence of the LD array period  d  as a function of the voltage  V  in the SmA phase. Dots correspond to arrays created by applying the 
voltage while cooling from the N to the SmA phase. In this case,  d  varied as a function of  V  and, for  V <  5 V, 1d arrays were replaced by 2d lattices. 
Triangles correspond to an array created by applying 8V in the N phase. After the transition, the voltage was fi rst increased (purple triangles) then 
decreased (green triangles) while keeping the sample in the SmA phase, without reheating in the N phase. In this case,  d  did not change with  V  and the 
1d-2d transition was not observed. The sample thickness was  h =  11.7 µm. b) Reducing the thickness of the region where lamellae are curved requires 
removing a curved lamella and creating dislocations (T symbols). Dots indicate disclinations lines and curvature walls.
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phases. [ 54 ]  SCE-12 molecules contain phenyl and biphenyl cores linked 
together by carbonyl bonds. 

  Substrates and Anchoring : We used glass plates as cell boundaries, with 
a thickness of 1 mm, covered with 100 nm thick, optically transparent 
and electrically conductive layer indium-tin-oxide (ITO). Homeotropic 
anchoring was obtained by dipping the glass for 20 minutes in a 
90/10 w/w solution of  n -hexane/chloroform containing 2.5 mM of 
octadecyl-trichloro-silane (OTS, from Sigma Aldrich), followed by drying 
at 110 °C for 1 h. Planar anchoring was obtained by rubbing a poly imide 
layer (PI-2555, from Hitachi Chemical DuPont MicroSystems GmbH) 
with thickness around 100 nm deposited on glass by spin-coating a 
1/20 w/w solution of PI and  N -methyl-2-pyrrolidone (NMP). The layer 
was baked at 80 °C for 30 min and at 250 °C for about 1 h to cross-link 
the PI polymer chains. 

  Optical Characterization : The local sample thickness  h  was determined 
for empty cells using an optical interferometry scheme that combined 
a microscope with a spectrophotometer (AvaSpec by Avantes). Light 
transmitted under normal incidence was modulated by multiple 
refl ections at the partially refl ecting glass boundaries, producing maxima 
of intensity at wavelengths λ q  such that 2π h /λ q   = hk  q   =  π q  + φ OTS  + φ PI , 
where  q  is the chromatic order,  k  is the wave vector, and φ is the phase 
shift upon refl ection at the air/OTS and air/PI interface. The intensity is 
a periodic function of  k =  2π/λ and we determined  h  by measuring the 
period  k  q  –  k  q−1  = π/ h . To determine the lateral width  d  of a domain we 
used a polarized optical microscope (POM) with a 20× magnifi cation. 
The phase retardation Γ =  h δ n  of linear domains was measured on the 
region of maximum birefringence δ n  using a Berek tilt compensator 
(Leica). The birefringence δ n  =  n *−  n  o  is given by:

     
(1/ ) [(sin ( )/ ) (cos ( )/ ) ]* 2 2 1/2

0
n h z n z n dze o

h

∫ θ θ= + −
 
 (1)

 

 where  θ  is  z -dependent angle of tilt between the director and the surface 
normal  z .  n  o  and  n  e  are respectively the ordinary and extraordinary 
refractive indices of LC. Γ/ h  = 0 and Γ/ h  =  n  e − n  o  when  θ  = 0 and 
 θ  = 90°, respectively.  
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