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Abstract/Introduction: The results obtained in the first project period were promising to 
approach the work plan intended for the second project period, which was aimed to write 
patterns in hybridized LC test cells and use these as diffractive optical elements to control 
transmitted light. In particular, the observations from the first project period were indicating 
that the nature of the defects observed would require more attention: Both the type of defects 
seen and also the interaction of substrate and liquid crystal (promoted via photovoltaic fields) 
turned out to have partially unexpected and exciting features. Preliminary observations (first 
project period) of samples suitable for optically stimulated optical vortex generation could be 
completed successfully. It was found umbilical defects could be created in samples filled with 
a nematic liquid crystal upon exposure with a continuous wave focused laser beam (visible 
light). One important condition was that these samples were made with an ITO-coated covering 
substrate. These exciting experimental observations were explained successfully by making use 
of the well-known theoretical model of umbilical defects and considering the field distribution 
of the photovoltaic fields generated in the samples. A new and exciting type of defect was thus 
seen in the studied samples, which could be used to control the properties of transmitted light: 
A circularly polarized input beam was on purpose converted to a vortex beam. The position of 
optical vortices could be controlled (moved to any wanted position in the sample plane) by 
steering the position of the exposure beam. In order to approach writing diffractive elements 
based for example on stripe patterns in samples with chiral nematic LCs, the size of the defects 
were of interest. In the first project period, a method to get perfect circular defects and otherwise 
maintain a clean (defect-free) background in such samples was well understood. In the new 
experimental setup, the conditioning of the laser beam was perfected (fixed focus) and the 
sample were moved with an xy-microscope table, which was preferable to approach writing 
high quality patters. Already in the first experimental test series, it became clear, that there was 
more to the samples than had been expected. Now it became clear that systematic differences 
in the defects seen were caused by the nature of the substrates and not by deviations of a light 
distribution of a steered laser beam. The size and shape of the defects were influenced by the 
pretreatment conditions (were the samples exposed before?) and the substrate surface used to 
control the liquid crystal (had the liquid crystal been placed on the +c or -c surface of the z-cut 
iron doped lithium niobate substrates). Variations in the surface energy of the substrates were 
therefore investigated with control liquids.    
 
Photo generating substrates (iron doped lithium niobate) were covered with a responsive layer 
of a chiral nematic liquid crystal. The devices were covered with an indium tin oxide coated 
glass plate, on purpose coated with polyvinyl alcohol alignment layers. The coating procedure 
and the pitch length of the chiral nematic liquid crystal were systematically varied in order to 
create perfect (without defects in the LC) samples. These samples were studied in detail. 
Exposure to a tightly focused laser beam resulted in circular, spot-like defects in a background 
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of well-oriented chiral nematic LC in the uniformly standing helix configuration. The results 
are promising to create reconfigurable diffractive samples and holograms in a thin layer of 
liquid crystal via the controlled exposure to light. The control of defects is essential for this 
purpose and this goal has been achieved, successfully. The ongoing work now focuses on 
control of the writing setup (movable sample vs. scannable beam) and improved exposure 
quality.  

Light valving was investigated in samples where the optical axis of the substrates was in-
plane and the optical axis of a nematic LC was (initially) aligned perpendicular. These samples 
could be switched from a dark state to a transmissive state, efficiently. The field induced (light 
induced) director reorientation was understood in detail.  
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1. Exposure setup and imaging  

As in the initial project, the samples were investigated with an inhouse assembled exposure 
setup (Fig. 1). We are currently testing an advanced setup with an alternative lens system to 
condition the laser beam, improved image quality, and a movable sample holder (piezo driven 
sample holder). Some sample images are included in the report (Ongoing work).  

This setup used for the investigations reported was realized by modifying an inverted 
polarized optical microscope with additional optics: The microscope was fitted with a light 
emitting diode (LED) white light illumination (linearly polarized illumination, transmitted 
light), a removable edgepass filter and a suitable digital photo/video camera (observation of the 
image plane and recording of images). A diode laser (532 nm, 4.5 mW) was coupled to the 
microscope beam path. Beam steering (with micron precision) was realized with a precision 
tiling laser mount. This diode laser source had a small form factor and in a straight-forward 
approach, the whole unit was tilted (Fig. 2) with the laser mount. The laser beam was focused 
in the imaging plane by using a lens with 10 cm focal length. The beam focus was investigated 
with a laser beam profiler. The tilting laser mount was driven with stepper motors and controlled 
with a LabVIEW program. The LabVIEW program was programmed on purpose and enables 
both scanning in predefined trajectories and scan-to-click, where the laser beam focus could be 
freely positioned in the xy-plane with micron accuracy.  

The edgepass filter was used to exclude any laser light from the image plane (but not from 
the sample plane). Hence, the transmitted white light (except the filtered wavelength range) 
could still be used to record images of the samples. The laser power was attenuated with a set 
of neutral density filters to conduct adjustments of the optics and systematic experiments with 
controlled laser power.  

A schematic of a hybridized sample is shown (Fig. 3). Here, a LC layer was assembled in-
between a photovoltaic iron doped lithium niobate (Fe:LN) substrate and a cover glass. These 
test cells had a cell gap of ≈30 µm (measured with a precision micrometer with electronic out-
read).  

The cover glasses were cleansed and could be treated with a polyvinyl alcohol solution 
(followed by thermal annealing). Samples with chiral nematic liquid crystals were investigated. 
Chiral nematic liquid crystals are self-assembled, soft photonic crystals and show selective 
reflection of light (colored samples). The properties of the chiral nematic liquid crystal and the 
samples investigated are comprehensively reviewed in the attached paper [1].  

The results obtained in samples of a conventional nematic LC (vertically aligned) and 
samples with x-cut lithium niobate substrate (optical axis in-plane) are summarized in the 
attached paper [2]. 
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Fig. 1. Schematic of exposure setup. 

          

 

 

 

Fig. 2. Schematic of beam steering assembly. 
  

 

 

Fig. 3. Schematic (not to scale) of a test cell where a 30 µm thick LC layer was sandwiched 
between a Fe:LN substrate and a glass plate exposed with a focused laser beam.  
 
 

2. Control of defects in chiral nematic LCs 

2.1. Avoiding oily-streak defects and control of the defect edge 

The experimental work and some theoretical considerations are comprehensively described in 
the attached paper [1] (published in Liquid Crystals, impact factor >3). A thermally annealed 
alignment layer, deposited at the covering glass, was found to reduce the surface roughness 
(investigated with atomic force microscopy) of the samples, reasonably. Nucleation cores for 
line defects, which need be avoided, were successfully suppressed and liquid crystal alignment 
of extraordinary high-quality was found in these samples. The chiral dopant R5011 was used 
to induce chirality in the LC and a concentration of 1.75 % R5011 led to the circular spots in a 
perfect background, as was searched for (Fig. 4).  
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Fig. 4. Summary of the experimental work performed in chiral nematic liquid crystals. TOC 
image of attached paper [1]. 
 
 
 
2.2. Impact of the focusing lens 

Two types of focusing lenses were studied, a lens with a focal width of 8 cm and lens with a 
focal width of 10 cm. Not all results were ideal, and samples exposed to a beam focused with a 
lens of 8 cm focal width sometimes showed more distorted defects. It is not yet fully understood, 
if this was caused by the slightly higher power density in these samples or slight, technical 
deviations in the experimental setup. However, some samples were very instructive and even 
smaller defects (higher resolution of the writing process) could be inscribed with the 8 cm lens 
as compared to the results with the 10 cm lens (Fig. 5).  

 

 
Fig. 5. Comparison of samples (with cleansed, ITO coated covering glass, chiral nematic LC, 
1.75% doping concentration) exposed to a laser beam focused with a lens of 8 cm focal width 
(a – f) and focused with a lens of 10 cm focal width. 
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3. Light valving in x-cut substrates 

The light induced electric field distribution on the surface of x-cut substrates iron doped lithium 
niobate substrate is schematically shown in Fig. 6. The field induced pattern, which occurred 
in the samples upon exposure to a focused laser beam is shown in Fig. 7. The liquid crystal 
director distribution is indicated. The response was fully reversible. More details along with a 
discussion of the required intensity (comparison to non-liner optical responses in a neat nematic 
liquid crystal) is given in the attached paper [2]. 

 

Fig. 6. (a) Schematic of photovoltaic field distribution (fields in an isotropic medium) at the 
surface of an x-cut Fe:LiNbO3-substrate exposed to a Gaussian laser beam. The field 
amplitude is shown as shaded area (gray: zero field). (b) Composed LC director pattern, 
where a pair of field induced topological charges was placed in an initially homeotropic 
director field (wedges indicate a tilted director). In the area near the negative topological 
charge, formation of additional topological charges(indicated) cannot be avoided, which 
violates the requirement of a topologically neutral director field. 
 

 

Fig. 7. (a) Observed defect pattern. Image divided in three sections by a dashed line. 
Birefringent stripes (dark ones) were highlighted with arrows. (b) Magnification with added 
schematic of director field pattern (wedges indicate out of plane tilt of the LC director). 
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4. Work started but not finalized in project period 1 

A new setup (Fig. 8) is being tested. Here, the samples are exposed through a beam splitter, 
which is fixed in cage optics. The setup has several advantages: The coupled laser beam can be 
adjusted and calibrated more efficiently. Samples can be placed on the sample holder without 
removing the beam splitter. The sample holder is fixed on a 3-axis positioning stage, two axes 
are controlled with piezo actuators: By moving the sample, patterning can be achieved with 
higher precision than has been possible in the previous experiments. Additional holographic 
beam splitters aiming for multiple-spot exposure can be mounted more easily than in previous 
attempts.  
 

 
Fig. 8. Schematic of new optical setup. 
 

Currently, the setup is being calibrated and test samples are being studied. The preliminary 
results obtained already show that the setup is promising to realize the research anticipated in 
the current project period (option 1). The image quality of the recorded images is very high. 
With parallel polarizers, it was seen that the defect degrades in an interesting way, if the laser 
shutter was closed: Tiny line defects were seen (Fig. 9a). The crystalographic c-axis of the field 
generating substrates has a direction. We were surprised that this direction has an impact on our 
samples. We have studied samples made with the same substrate. A nematic liquid crystal was 
placed on the substrate, spacer film was placed on the samples, and the sample was covered 
with a cleansed glass plate. The sample was investigated, the substrate was cleaned and then 
the liquid crystal along with spacer films and covering glass was placed on the other side of the 
substrate. Surprisingly, the light induced defects seen had a different appearance (Fig. 9b and 
c). The results are promising and samples with different direction (positive or negative) of the 
crystallographic c-axis are now studied in more detail.  
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(a)   (b)  (c)  
Fig. 9. Images recorded in samples studied with the new optical setup. (a) Wrinkle like texture 
in samples after the laser beam shutter has just been closed. (b) Defect (one dark ring) seen in 
sample with z-cut substrate. (c) Defect with 3 dark rings seen in a sample made with the same 
substrate as in (b), at the same exposure intensity, but assemble with reversed substrate.   
 
 
 
 
5. Studying a new type of light induced umbilical defects  

The properties of umbilical defects are fascinating, and they have obtained a great deal of 
attention from the liquid crystal research community and beyond. Experiments on generating 
umbilics (as conducted here) in a liquid crystal with positive dielectric anisotropy are extremely 
rare and the studies conducted were therefore also important to learn about the properties of 
umbilics in general.  

Samples were made with an iron doped lithium niobate (Fe:LN) substrate and an ITO coated 
glass plate (additionally coated with a lecithin alignment layer) as covering substrate. Umbilics 
were created upon exposure with a focused laser beam: They were induced via photo generated 
fields at the relocatable exposure beam position. The field distribution of these photo generated 
fields is normal to the sample plane at the exposure spot center and has increasingly high in-
plane field components in radial direction: Ideal conditions to induce director reorientations 
with radial symmetry in a liquid crystal with positive dielectric anisotropy. The irradiated 
regions were studied with polarized probe light revealing the characteristic patterns seen in 
umbilic defects and the typical doughnut-shaped intensity distributions expected for optical 
vortex beams.  

The experimental findings were compared to calculated transmission profiles based on 
adjusted models (analytical models) of umbilics from literature.  

The umbilics observed were relocated easily within the sample plane to any wanted position, 
which presented an exciting possibility to create optical vortex beams on purpose by the use of 
a steered focused laser beam (as writing or control light). Please see the attached publication 
[3] for figures and further explanations.  
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6. Investigating samples and substrates 

6.1.  Samples made with different orientation of z-cut substrates 

First experiments with the new setup revealed that the size of laser induced defects (Fig. 9) 
depended on whether the LC layer had been placed on the +c or -c surface of the Fe:LN 
substrate. These experiments were performed between crossed polarizers using test cells 
assembled with a Fe:LN substrate and a thin cover glass separated by 12 µm spacers and filled 
with the nematic liquid crystal MLC-2087. The samples were exposed to a collimated laser 
beam (520 nm, 50 mW) with a beam waist of approximately 20 µm, which led to a one-ring 
pattern in Fig. 9 A and a three-ring pattern in Fig. 9 B. 
 

 
Fig. 9. Laser-induced defects on the -c (A) and +c (B) surface of a Fe:LN substrate observed 
between crossed polarizers. An additional laser spot with lower intensity, marked with a red 
arrow, appears because of the beam profile. The scalebar represents 100 µm. 

 
The experimental setup with fixed beam alignment led to very reproducible exposure 

conditions: In both figures, a local director realignment caused by a secondary exposure spot 
(caused by surface reflections of optical elements used for beam shaping) can be seen (Fig. 9 A 
and B, marked with red arrows). The focal plane was investigated with a beam profiler (Fig. 
10). As seen in the figure, the secondary exposure spot had much lower power density and 
appeared in a distance of 120 µm from the main exposure spot. Since the exposure condition 
were perfectly fixed by the setup, the reasons for the differences in the size of the defects needed 
to be further investigated. Contact angle (CA) measurements of the +c and -c surfaces of the 
substrates were conducted on each side of cleaned Fe:LN substrates to determine their surface 
energies and variations in their surface energies.   
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Fig. 10. The beam profile of the laser source (520 nm, 50 mW) shows perfect collimation in 
one direction, while an additional peak with much lower intensity cannot be avoided in the other 
direction. 

 
 

6.2. Contact angle measurements 

Already in an initial hand-experiment (a quick test with water as solvent), the contact angles 
measured on the +c and -c surface deviated by approx. 10°, supporting the idea of different 
surface properties. Therefore, a detailed study was conducted. The contact angles of 9 different 
test liquids were investigated using the static sessile drop method. A droplet of the test liquid 
was deposited on a cleaned Fe:LN surface and image sequences were recorded. Each 
measurement was repeated at least 3 times at different locations on the surface. The recorded 
images were analyzed and the initial contact angles as well as the equilibrium contact angles 
for the different liquids were determined. The impact of pre-illumination was also investigated 
(non-pre-illuminated vs. pre-illuminated samples). The results for non-pre-illuminated samples 
are shown in Fig. 11 for the +c and Fig. 12 for the -c surface.  
 

 
Fig. 11. Time dependent evaluation of contact angles on the +c surface for various liquids. 
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Fig. 12. Time dependent evaluation of contact angles on the -c surface for various liquids. 

 
As shown in Fig. 11 and Fig. 12, a larger change of the contact angle was observed for some 

liquids directly after deposition of the droplet. This initial change results from spreading of the 
liquid on the substrate surface, which occurs during the first second after deposition of the 
droplet (before an equilibrium is established). Therefore, the contact angle measured after 1.5 
s is referred to as equilibrium contact angle. Later changes of the contact angle can be attributed 
to evaporation effects, which result in a more or less linear decrease of the contact angle over 
time. Evaporation was a major issue only for the investigated siloxane compounds Octamethyl 
trisiloxane (8Me3SiO) and dodecamethyl pentasiloxane (12Me5SiO), where the solvent was 
completely evaporated after several seconds. Initial and equilibrium contact angles on the +c 
surface and -c surface of a non-pre-illuminated substrate are shown in Fig. 13 and Fig. 14, 
respectively. A summary is given in Fig. 15.  

 

 
Fig. 13. The initial contact angle at t = 0 ms and the equilibrium contact angle at t = 1.5 s on 
the +c surface for several liquids are shown in A and B, respectively. The scalebar indicates a 
length of 200 µm. 
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Fig. 14. Initial (A) and equilibrium (B) contact angles for water, the monomers trimethylol-
propane triacylate (TMPTA) and dodecyl acrylate (C12A) and the two siloxanes 8Me3SiO and 
12Me5SiO on the +c surface are shown. To prevent polymerization, a green filter was used to 
investigate the monomers. The scalebar indicates a length of 200 µm. 

 

 
Fig. 15. Contact angles of various liquids on a non-pre-illuminated substrate. 

 
This investigation also showed that typically contact angles on the +c and -c surface have 

similar values within the error range of the experiment (Fig. 15), which is in contradiction to 
the result from the first experiment. The passage of time since the last laser exposure experiment 
was conducted, was identified as the major difference between the first and later experiments. 
To assure that illumination causes these different contact angles, further investigation of pre-
illuminated substrates was conducted. As it was difficult to achieve homogeneous illumination 
with a laser beam, white light LED illumination was used instead. To our surprise, exposing 
the substrate to white light for 2 h resulted in contact angle of water on the substrate (Fig. 16), 
which were similar to those observed in the first experiment. 
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Fig. 16. Contact angles for selected liquids on an illuminated Fe:LN substrate. 

 
In general, the contact angles of the investigated liquids are larger for illuminated than for 

non-pre-illuminated substrates on the +c and -c surface. However, this increase is not equal for 
both sides, but depends on the liquid; e.g. for water the contact angle on the -c surface increases 
more and on the +c surface increases less, while it is the other way round for TMPTA. 

Using the Owen, Wendt, Rabel, and Kaelble (OWRK) method, the surface energy of the +c 
and -c surfaces of a non-pre-illuminated Fe:LN substrate was determined based on the initial or 
equilibrium contact angles. 
 
 
6.3. Surface energy calculations 

The OWRK method is a standard method for calculating the surface free energy of a solid 
substrate based on contact angles of probe liquids. The surface free energy of a solid 𝛾!, the 
surface tension of a liquid 𝛾", and the interfacial energy 𝛾!" are related through Young’s equation 

𝛾" cos 𝜃 = 𝛾! − 𝛾!". (1) 

When the interactions between the two phases are interpreted as a geometric-mean of the 
dispersive 𝛾# and polar 𝛾$ parts of the interfacial energy [R1]  

𝛾!" = 𝛾! + 𝛾" − 2*+𝛾!#𝛾"# ++𝛾!
$𝛾"

$,, (2) 

substitution of 𝛾!" in Eq. (1) yields Eq. (3), which is displayed in a way most suitable to analyze 
the dispersive 𝛾!# and polar 𝛾!

$ parts of the substrate’s surface free energy by linear regression.  
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Another approach [R2] interprets the interactions as a harmonic-mean of the dispersive and 
polar parts of the interfacial energy. However, numerical calculations are required to solve Eq. 
(4). 

𝛾" (1 + cos 𝜃) = 4 4 0%#0"
#

0%#(0"
# +

0%
$0"

$

0%
$(0"

$5  (4) 

For the OWRK method, it is best practice to measure the contact angle of a polar and a non-
polar liquid (distilled water and heptane in this study). In addition, contact angels of heptanol, 
nonanol, and decanol were investigated. These liquids were chosen because of their availability 
in combination with the existence of literature values for their polar and dispersive surface 
tension contributions. 

Tab. 1. Literature [R3, R4] values of the dispersive and polar parts of the surface tension for 
the investigated liquids. 
Substance Dispersive Polar Surface Tension 
Water [R3] 21.8 51 72.8 
Decanol [R4] 26.49 1.83 28.32 
Nonanol [R4] 32 2.06 27.84 
Heptanol [R4] 25.19 1.46 26.65 
Heptane [R3] 20.1 0 20.1 

 
The analysis showed different dispersive and polar surface energy contributions depending 

on whether or not the contact angles of alcohols were included in the calculation. The summed-
up surface energy remained at about 51 mN/m and if not considering the alcohols, the dispersive 
part was about 19 mN/m. If including the alcohols in the calculation a value of about 15 mN/m 
was found. Further investigations showed that this was related to the evaluation method (Fig. 
17); the limit for perfect wetting of these alcohols as calculated by the geometric mean equation 
(Eq. (3)) is reached at a dispersive surface energy contribution of about 15 mN/m. In 
comparison, the limit for perfect wetting is only reached for a dispersive part of about 22 mN/m 
when calculating with the harmonic mean equation (Eq. (4)). No perfect wetting was observed 
of the studied alcohols. Anyway, the contact angles measured for these alcohols were rather 
small (< 10°), which indicates that the OWRK method is probably not suitable to fully evaluate 
the experiments: For contact angles < 10° the inaccuracy of the evaluation increases and for 
contact angles < 5° the distinction to perfect wetting becomes difficult, because value and error 
are of similar magnitude. 

The results are nevertheless interesting and indicate that the harmonic mean equation need 
be solved numerically to calculate the surface energy of the substrates, which would be for 
future work. 
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Fig. 17. Simulated change of the contact angle with variation of the dispersive surface energy 
component for a surface energy of 51 mN/m calculated based on the geometric or harmonic 
mean equation. 
 
 
7. Summary, conclusions, outlook 

The appearance of unwanted line defects in samples with chiral nematic LCs was efficiently 
avoided by surface treatment of the covering glass plate. In such samples, the defect size and 
the appearance (smooth defect edge) of light induced point like defects was controlled by 
surface treatment and by varying the exposure intensity and to a certain degree by use of lenses 
with various focal width.  

Light valving in samples with a rather complex defect structure was studied in samples with 
x-cut iron doped lithium niobate substrates and initial vertical liquid crystal alignment. A 
comparison to the non-linear optical properties of the neat liquid crystal revealed that well-
pronounced director realignments were achieved at light intensities several orders of magnitude 
lower than would be required in a neat liquid crystal driven without photovoltaic fields. 

The new optical setup is promising to create patterns and reconfigurable gratings in our 
samples with higher precision than has been possible before.    

We are currently studying samples with lecithin coated covering glasses, where the 
appearance (upon exposure) of line defects is suppressed. These samples are promising for the 
creation of (isolated: not connected to line defects) defects with radial symmetry (vortex 
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creation and potentially: optical trapping with controlled liquid crystal defects). Structured 
illumination and patterning are also being investigated.  

 
Samples with indium tin oxide coated covering glasses, coated with lecithin as homeotropic 

alignment layer were efficiently used as canvas to create optical vortices in an isotropic 
background specifically at the exposure beam positing. In contrast to the previously explained 
experiments with a steered laser beam, samples were also investigated with a stationary and 
very stable exposure spot alignment. Here, the beam focus was fixed and it was intended to 
move the samples and write patterns. Surprisingly, it was revealed that the properties of the 
hybridized samples depended on the preconditioning of the light sensitive substrates and also 
on the orientation of their c axis. Samples with photovoltaic substrates coated with LC on their 
+c side showed a different behavior than was seen in samples where the LC was present on the 
-c surface. The contact angle of various test liquids was investigated when the liquid was placed 
selectively on the +c and -c surfaces of iron doped lithium niobate substrates, which were 
previously cleaned and annealed. Depending on the preconditioning (exposure to white light) 
the contact angle was found to vary. The investigations are challenging. However, it was found 
that a polar test liquid like water has a lower contact angle on the +c surface and this tendency 
is even more pronounced in a pre-illuminated substrate. Moreover, the difference between 
initial and equilibrium contact angles measured in non-polar solvents are slightly higher on the 
+c surface than on the -c surface in non-polar test liquids. Although such qualitative differences 
of the surface energies of +c and -c surface are clearly seen in the data, a quantitative analysis 
was not yet possible and would require more attention. A possible pathway is given in the 
presented data and discussions already.  
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9. Lists 

9.1.  List of symbols, abbreviations, and acronyms 

Contact angle (CA). 
Dodecamethyl pentasiloxane (12Me5SiO). 
Dodecyl acrylate (C12A). 
Indium thin oxide (ITO). 
Iron doped lithium niobate (Fe:LN). 
Light emitting diode (LED). 
Liquid crystal (LC). 
Octamethyl trisiloxane (8Me3SiO). 
Owen, Wendt, Rabel, and Kaelble (OWRK). 
Photo voltaic (PV). 
Trimethylolpropane triacylate (TMPTA). 

 
9.2. List of figures 

Fig. 1.  Schematic of exposure setup. 
Fig. 2.  Schematic of beam steering assembly. 
Fig. 3.  Schematic (not to scale) of a test cell where a 30 µm thick LC layer was sandwiched 

between a Fe:LN substrate and a glass plate exposed with a focused laser beam. 
Fig. 4.  Summary of the experimental work performed in chiral nematic liquid crystals. TOC 

image of attached paper [1]. 
Fig. 5.  Comparison of samples (with cleansed, ITO coated covering glass, chiral nematic 

LC, 1.75% doping concentration) exposed to a laser beam focused with a lens of 8 
cm focal width (a – f) and focused with a lens of 10 cm focal width. 

Fig. 6.  (a) Schematic of photovoltaic field distribution (fields in an isotropic medium) at the 
surface of an x-cut Fe:LiNbO3-substrate exposed to a Gaussian laser beam. The field 
amplitude is shown as shaded area (gray: zero field). (b) Composed LC director 
pattern, where a pair of field induced topological charges was placed in an initially 
homeotropic director field (wedges indicate a tilted director). In the area near the 
negative topological charge, formation of additional topological charges(indicated) 
cannot be avoided, which violates the requirement of a topologically neutral director 
field. 

Fig. 7.  (a) Observed defect pattern. Image divided in three sections by a dashed line. 
Birefringent stripes (dark ones) were highlighted with arrows. (b) Magnification with 
added schematic of director field pattern (wedges indicate out of plane tilt of the LC 
director). 

Fig. 8.  Schematic of new optical setup. 
Fig. 9.  Laser-induced defects on the -c (A) and +c (B) surface of a Fe:LN substrate 

observed between crossed polarizers. An additional laser spot with lower intensity, 
marked with a red arrow, appears because of the beam profile. The scalebar 
represents 100 µm. 
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Fig. 10.  The beam profile of the laser source (520 nm, 50 mW) shows perfect collimation in 
one direction, while an additional peak with much lower intensity cannot be avoided 
in the other direction. 

Fig. 11.  Time dependent evaluation of contact angles on the +c surface for various liquids. 
Fig. 12.  Time dependent evaluation of contact angles on the -c surface for various liquids. 
Fig. 13.  The initial contact angle at t = 0 ms and the equilibrium contact angle at t = 1.5 s on 

the +c surface for several liquids are shown in A and B, respectively. The scalebar 
indicates a length of 200 µm. 

Fig. 14.  Initial (A) and equilibrium (B) contact angles for water, the monomers trimethylol-
propane triacylate (TMPTA) and dodecyl acrylate (C12A) and the two siloxanes 
8Me3SiO and 12Me5SiO on the +c surface are shown. To prevent polymerization, a 
green filter was used to investigate the monomers. The scalebar indicates a length of 
200 µm. 

Fig. 15.  Contact angles of various liquids on a non-pre-illuminated substrate. 
Fig. 16.  Contact angles for selected liquids on an illuminated Fe:LN substrate. 
Fig. 17.  Simulated change of the contact angle with variation of the dispersive surface energy 

component for a surface energy of 51 mN/m calculated based on the geometric or 
harmonic mean equation. 

 
9.3. List of Tables 

Tab. 1. Literature [R3, R4] values of the dispersive and polar parts of the surface tension for 
the investigated liquids. 
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