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We show that a periodic nanostructure patterned into a polymeric or indium tin @Xi0¢ surface

is capable of aligning liquid crystdLC) molecules. Gratings of different depths were created on
thin polymeric or ITO surfaces with submicron and micron periods by superposition of ultraviolet
plane waves. The depth of the gratings was varied by changing the fluence of the laser. This method
allows to pattern orientations over small areas and does not suffer from the disadvantages of rubbing
based alignment methods. LC alignment was tested by forming twisted nematic cells. Anchoring
energies were calculated from measurements of the twist angle2008 American Institute of
Physics. [DOI: 10.1063/1.1565703

Conventionally, molecular alignment is achieved by put-pulses also leads to an improvement of the optical contrast.
ting the liquid crystal(LC) in contact with an anisotropic In this letter we show how submicron periodic surface
substrate. For commercial devices, the anisotropy is usuallgtructures generated by fs and ns pulse UV laser ablation in
obtained by means of unidirectional mechanical rubbing of &1, PMMA, and ITO. Our method allows to pattern LC ori-
polymer layet coated on a surface. The rubbing inducesentations over small areas and leads to well oriented LC cells
grooves in the polymer surface and the LC molecules prefewith a strong anchoring energy.
to align parallel to the direction of the groove$Though a The ablation experiments were performed with a short
very cheap and reliable method, rubbing has the disadvarpulse KrF-laser systefrand an ArF-laser system. The output
tage of creating dust and electrostatic charges, which cais about 10 mJ at 248 nm with pulse duration of 500 fs and
both be detrimental for the further development of LC de-about 400 mJ at 193 nm with pulse duration of 20 ns, respec-
vices. Alternative, contact free methods of inducing align-tively. For mask imaging a Schwarzschild type reflective ob-
ment would therefore be advantageous, such ajective was used. This ensures high power transmission in
photop0|ymer§. Also, future LC devices will rely on pat- the UV and prohibits pulse front distortion for femtosecond
terned orientations over small areas. Such patterning canngtllses. The objectives had a numerical aperture of 0.3 and
be obtained by the standard rubbing technique but it is posd-4, and were used with high demagnification of<1and
sible, for example, using nanopatterning by atomic force mi25X, respectively. The bear248 nm, 500 fs; 193 nm, 20
croscope(AFM)5 on polymeric and even directly on indium n9 is diffracted from a transmission gratitg5 lines/mm Cr
tin oxide (ITO)® surfaces though this approach is not contacton quartz and then illuminates the sample surface using only
free. Since a grating can be considered as a fine but contaite plus and minus first diffraction orders to create a pure
free rubbing, a similar mechanism could be responsible fofinusoidal intensity modulation on the sample with a period
the alignment of liquid crystal molecules in contact with a©f ~0.4, ~0.7, and 1um. The zeroth order of diffraction
grating. was blocked in order to increase the created line density by a

A submicron patterning of many polymeric materials, factor of 2, for periods of 400 nm. The fluence was varied
e.g., polyimide (PI), polymethylmethacrylate(PMMA), ~ With a dielectric attenuatoisee Table)l
polyethylene terephthalate, can be obtained with nanosecond An ITO layer of 19 nm was coated by rf sputtering on a
(ns) pulses’ However, ITO has a higher thermal diffusivity
and, as a consequence, the use of femtosedehpulses for  TaBLE I. Description of the laser systems.
ablation and structuring leads to a better performance com=
pared to ns-pulse ablation. The high coherence of the fs-laséfser ~Characteristics  Fluence (mJRym Spot shape  Spot siam)

KrF 248 nm, 500 fs 13-230 Circular 60
ArkF 193 nm, 20 ns 110-350 Square 90
3E|ectronic mail: silvia.soria@upc.es
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(a)

FIG. 2. TN pixels on(a) ITO under perpendiculafleft) and parallel polar-
izer and analyzetb) Pl under perpendiculdteft) and parallel polarizer and
analyzer andc) PMMA under perpendiculaiteft) and parallel polarizer and
analyzer.

gated using twisted nemati€TN) cells filled with 5CB
(Merck) at the isotropic phas¢40°C) by capillary action
and, afterwards, slowly cooled down to room temperature
(23°0). Cells with a thickness of &um were prepared with
alignment surfaces perpendicular to each other: one surface
with the laser ablated grating and a conventionally rubbed Pl
counter plate.

Rubbed Pl is known to strongly anchor the liquid crystal
molecules in the direction of rubbing and therefore can be
FIG. 1. AFM record of gratinggéA=1 um) made by 1 puls¢a) on ITO at ~ used as a reference surface. The direction of the grooves was
305 mJ/crf (b) on Pl on ITO at 350 mJ/cfn and(c) on PMMAon ITO at  oriented normal to the direction of the rubbed PI. The liquid
350 mJ/crfi (193 nm, 20 ns crystal alignment was studied by polarized microscopy. The

cell rotation methodwas used to calculate the surface an-
polycrystalline SiQ (20 nm) layer on top of a 1.1 mm so- choring energies, which was measured as function of the
dalime glass substrate. Pl and PMMA were deposited on IT@®epth of the grating and width of the grooves using the fol-
coated glass substrates by spin coating with film thickness dpwing equation"
100 and 400 nm, respectively. Grating structures of 700— 2K b
625, 330—416 nm, and Am were prepared by a single laser W¢=m, (D)
shot. Different depth modulations were achieved by chang-
ing the laser fluence. At high fluences, the ITO layer can bavhereK,, is the twist elastic constant amtis the cell spac-
structured down to the glass substrate, the depth modulatiing. We found that for medium fluencé$25—140 mJ crf)
ranging between 24 and 3.6 nm; for Pl on ITO, the modula-W, does neither depend on the depth nor on the width of the
tion varied between 25 and 0.5 nm and for PMMA on ITO it grooves for the investigated materials. The obtained anchor-
varied between 28 and 1.9 nfh93 nm, 20 ns The images ing energies are 10 & Jm 2 for ITO, 1.6x10 ° Jm ?
of the ablated gratings were taken with an AFM in tappingfor PI, and 1.0 10 ° Jm 2 for PMMA. The anchoring
mode. Figure 1 shows AFM images of surface gratings ofnergies found for Pl and PMMA are of the same order as for
about 25 nm depth made by one 20 ns pulse at 193 nm witthe conventionally rubbed PI, whereas the value for ITO is a
305 mJ/cm on ITO (a), on Pl coated ITO using one pulse at factor of 3 smaller than that obtained by AFM patterning.
350 mJ/cr (b), and on PMMA coated ITO with one pulse at Figure 2 shows optical micrographs of a series of TN
350 mJ/cr (c). Though all gratings are perfectly regular, the pixels. LCs are well aligned in the grating area and form TN
gratings in the polymer films are squarer shaped. Similapixels. In Fig. 2 it can clearly be seen that LC molecules on
results were obtained using the fs pulses at 248 (not  the nonablated area are not aligned. In the case of ITO, there
shown. is no polymer chain alignment and for the polymers, we used

The alignment of all the grating structures was investi-nonpolarized UV ligh{though the attenuator could introduce
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some polarization, as it consists of a turning dielectric plate In conclusion, we have shown that laser ablated period
We can conclude that the alignment observed in these cells &ructures can be used to efficiently align liquid crystal mol-
due to the surface gratings. ecules. The surface anchoring energy remains unchanged by
Different LC domains can be clearly seen in most pixelschanging either the depth or the width of the grooves for
of Figs. 2a) and 2b). Under crossed polarizers we observedgratings of 1um period. Saturated alignment is achieved by
different colors that show multiple twisted domains. Forma-fluences above the threshold but good quality of alignment is
tion of these domains indicates that there is no pretilt angl®nly achieved by medium fluences. In this regid25-140
on the patterned surfaceThe existence of a pretilt angle on mJcm ?), the gratings are homogeneous with the least pho-
traditionally rubbed polymer films is related to the stresstodegradation. Being above the ablation threshold, we can
applied to the polymer film by the rubbirtgin absence of assume that the anchoring is due to the grating topology
such unidirectional stress the LC molecules can form either aather than a photoinduced polymer chain alignment.
left- or a right-handed twist that energetically are degenerate.
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