APPLIED PHYSICS LETTERS VOLUME 81, NUMBER 7 12 AUGUST 2002

Use of polarization sensitivity for three-dimensional optical data storage
in polymer dispersed liquid crystals under two-photon illumination

Dennis McPhail and Min Gu®
Centre for Micro-Photonics, School of Biophysical Sciences and Electrical Engineering,
Swinburne University of Technology, P.O. Box 218 Hawthorn, Victoria, Australia

(Received 16 April 2002; accepted for publication 17 June 2002

We report on the use of the polarization-dependent fluorescence property in photorefractive polymer
dispersed liquid crystals for three-dimension@D) optical data storage under two-photon
absorption. The liquid crystals, which have optical anisotropy, exhibit an alignment-based
fluorescence feature that depends on the polarization state of an excitation field. Such a polarization
sensitivity can be confined to the small focal region under two-photon excitation, allowing the stable
recording of a 3D bit array. A 3D data density of 204.8 Gbits ésrachieved using ultrashort pulsed
illumination at a wavelength of 900 nm. It is also demonstrated that the recorded data can be erased
in bulk or as single bits and then rerecorded.2802 American Institute of Physics.
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The need for high-density optical data storage has beenféld, which increases the stability of recorded bits. The aim
topic of interest for a number of years. Two-phot{ip) of this letter is to demonstrate the polarization-dependent
excitation has been demonstrated as a promising method fluorescence property in PDLCs under 2-p excitation for 3D
three-dimensiondl3D) storage of bit optical data as it allows optical data storage.
spatial confinement of the focal spot in three dimensioiis. The PDLCs used in our experiment consist of [oly
Currently, polymer-based photochronie®® photo-  ethyl methacrylate (PMMA) doped with liquid crystals, a
polymerizable’ photobleachind,and photorefracti®® ma-  photoabsorber, and a plasticidér.The liquid crystal,
terials show the most interest because they are inexpensive 4epentyl 4-cyano biphenyl(E49), was purchased from
manufacture and their physical and chemical properties caMerck. The absorber, 2,4,7-trinitro-9-fluorenofieNF), has
be easily modified. In a photorefractive polymer, a modula-absorption from the UV to visible region of the spectrum.
tion of the refractive index is generated by a space-charg&he plasticiserN-ethylcarbazol(ECZ), reduces the glass
separatiot®!! This has led to a localized 2-p photorefractive transition temperature of the polymer. The concentration of
mechanism for erasable and rewritable 3D data stosrage,the components(PMMA:E49:ECZ:TNF was 45:33:21:1
although a phase sensitive readout system is needed to colt%. The solvent induced phase separation method was
lect the signal from the small refractive-index modulation.used to form the PDLCs onto a glass slide with chloroform
The refractive-index modulation can be increased in photoas the solvent. The thickness of the sample was approxi-
refractive polymer dispersed liquid crystalBDLC9 as a mately 320um. The absorption of the samplsee Fig. 1
result of the alignment of the liquid crystal directors inducedwas found to be negligible at a wavelength of 900 nm.
by the internal space-charge fiéftr:°Because liquid crystal Therefore, an infrared wavelength at 900 nm can be utilized
domains in PDLCs are in a submicrometer scale, the generde produce 2-p excitation.
tion of a localized 2-p photorefractive effédn the focal The optical set up for recording and reading experiments
region in PDLCs remains a challenge. was the same as that used bef§t@he illumination source

However, it is known that liquid crystal domains in was an ultrashort pulsed lag@pectra-Physics Tsunanup-
PDLCs have a microscopic inhomogeneity in molecularerating at wavelength 900 nm and focused into the sample by
alignment and mobilty and therefore exhibit an Olympus ULWD MSPlan100-IR objective with numerical
fluorescence®!’ This type of fluorescence in PDLCs is also aperture 0.80. The polarization state of the writing and read-
dependent on the realignment of the liquid crystal directorsng beams was controlled with awave plate and a Glan—
under polarized illumination and thus provides a mechanism
for 3D optical data storage. When a linearly polarized writ-
ing beam is focused into a PDLC sample, a certain number
of liquid crystal directors in the focal region are aligned with
the illumination polarization direction and the resulting fluo-
rescence varies with the polarization state of a reading beam.
However, in the region without illuminatiofwhere liquid
crystal directors are randomly orienjeslich a polarization
dependence is not be pronounced. In photorefractive PDLCs,

the aligned directors can be trapped due to the space-charge 300 350 400 450 500 550 600 650 700 750 800 850 900
Wavelength (nm)

¥Electronic mail: mgu@swin.edu.au FIG. 1. Absorption spectrum of the PDLC sample used in the experiment.
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0 — - FIG. 4. Three layers of data bits recorded at different depth of the PDLCs
0 30 60 90 120 150 180 210 240 270 300 330 360 sample with a point spacing of 14m and a layer spacing of 2m: (a) The
Polarization angle (o) of the reading beam first layer of letter C recorded at a depth ofufn; (b) The second layer is

letter M; (c) The third layer is letter P.

FIG. 2. Normalized two-photon fluorescence intensity as a function the

polarization anglex of the reading beam. Ins&) gives a schematic mecha- . .
nism for the alignment of liquid crystal directors in the exposed and unex- ~ The image contrast of the recorded bits depends on the

posed regions. Inseb) shows two fluorescing data bits € 90°). writing power. As indicted by Fig. 3, if the writing power is
too high, a saturated nature occurs, which results in a signifi-

Thompson polarizor. The Glan—Thompson polarizor has algl:ant reduction in image contrast. The dependence of the fluo-

extinction ratio of 100000:1. The fluorescence from therescence intensity fa=90° on the reading power, depicted

in the inset of Fig. 3, shows a slope of 1.98 and thus confirms
sample(at a wavelength of 574 nnis collected via a di- - P

; i . i the quadratic dependence of the fluorescence emission under
chroic beamsplitter and a short pass filter into a photomultlvz_p excitation.

plier tube. The average laser power in the focus of the ob- = 1pe feasibility of 3D recording and reading in terms of
jective was 20 mW for writing with an exposure time of 100 the polarization-dependent fluorescence property is demon-
ms and 6 mW for reading. strated in Fig. 4. The first layer recorded near the surface of
E49 is an optically uniaxial medium with positive dielec- the sample shows letter “C” composed of a grid of>224
tric anisotropy. In the absence of an electric field, the oriendata bits[Fig. 4(@)]. Subsequent two letters “M” and “P”
tation of the liquid crystal directors within the droplets is [Figs. 4b) and 4c)] were written every 2um along the
random. In the focal region, the directors tend to align pardepth of the polymer. With a point spacing of 1.afh and a
allel with the applied electric field. This situation is sche- layer spacing of 2um a data density of 204.8 Gbits/éris
matically shown in insefa) of Fig. 2. As a result of the @achieved, which is equivalent to a capacity of 2.4 Thits or
alignment of the directors, the fluorescence intensity fron?98.8 Gbytes for a CD size disk.
the illuminated region is highly dependent on the polariza- ~ Since the space charge field formed in the photorefrac-
tion state of a reading beam. The dependence of the fluorelY® PDLCS when the region is exposed to the writing beam
cence from an exposed region on the polarization angle traps the position of the aligned liquid crystals, the recorded

(defined to be the angle between the writing and readingata bits are quite stable for a few days or after being read
L ; ) . . onstantly. This feature was confirmed in a sample without
polarization statesis depicted in Fig. 2. It is clear that the

. . : . _doping TNF, in which case the recorded bits self erase in a
maximum fluorescence intensity occurs when the polarlzaf-

tion state of the reading beam is perpendicular to that of theeW minutes.
writing beam (i.e., when«=90°). The appearance of the
fluorescence intensity maximum at=90° may be caused

by the less absorption when the directors are orthogonal to
the polarization state of the reading beam. Such a relation-
ship was not observed in the unexposed region, which leads
to sharp contrast of readout bits as shown in in&egtof

Fig. 2.
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o 0 ) FIG. 5. Demonstration of the erasable nature of the PDLCs sample. The
11 13 15 17 19 three images irta), (b), and(c) show the bulk erasing nature, while the two

images in(d) and(e) exhibit the bit erasing naturé¢a) Letter B is recorded
Writing power (mW) at a depth of &m; (b) Letter B is erased after UV exposure) Letter C is
written in the same area as the previous lettétt® white ring highlights a
FIG. 3. Two-photon fluorescence intensity as a function of the writing defects in the polymer, confirming the same location and depth in three
power for a reading beari® m\W) at «=0° anda=90°, respectively. The images. (d) Letter L recorded at a depth of 4m. (e) Letter L read after a
inset shows the dependence of the two-photon fluorescence intensity on tliew lines of data bits are illuminated with a beam of a polarization state
reading power in a log scalgvriting power=20 mW). perpendicular to that of the writing beam.
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The data stored in the PDLCs sample can be erased istorage and provided a mechanism for single bit erasure of
three ways. First, heating the sample above the glass tranghe recorded data.
tion temperature will allow the directors of the liquid crystals
to relax back to their random orientation, thereby removing 1 he authors acknowledge the support from the Austra-
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