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An experimental snapshot Mueller Matrix polarimetbased on wavelength
polarization coding is used to get a time-resolgedcription of electric field-induced fast
transition within a ferroelectric liquid crystal lce The parameters extracted from
experimental Mueller matrices are linked to the evale director distribution to further
determine the average trajectory and the colledieteavior of these molecules while they

switch over to another state. © 2009 Optical SgaxtAmerica.

OCIS codes: 120.5410, 160.3710, 230.5440, 260.5430.

Mueller matrix (MM) polarimetry is usually employe&d characterize samples that show
depolarization, birefringence and dichroism. Fomare complete characterization, MMs are

coupled with variables such as wavelength, spacedomates, wave vector. To our knowledge,



little has been done with time as variable, thoagiemporal monitoring of MMs could permit
the study of fast polarization dynamics and widée scope of MM polarimetry. Such
measurements require a device allowing the acensif a full MM in a very short time.

The principle of the Snapshot Mueller Matrix Pateeter (SMMP) developed by our
team and based on wavelength polarization coding] [ that the polarization states are
encoded in the spectral domain through use of adirand source and high-order retarders [3].
On condition to use a well-suited retarder-thiclenesnfiguration, the full MM of a sample is
available in a single spectrur{l), measured with a dispersive detection system {spreter
and CCD camera). As the acquisition time only depean the aperture time of the CCD
camera, it can be very short (about 1 ps, herejs Thtter is aimed at demonstrating the
potentiality of the SMMP to give a time-resolvedsdeption of electric field-induced fast
switching in a ferroelectric liquid crystal (FLCglt To our knowledge, only two teams have
performed time-resolved MM polarimetry on liquidystals [4,5]. But, the polarimeters in use
were sequential, so the MMs were reconstructed framous input and output polarization
states and multiple synchronized acquisitions. SMMP can acquire a full MM in a single
shot.

The SMMP described in Fig. 1 is composed of a Wsaad source (SLD from
B&W Tek, Inc) aroundlo =830 nm withA1 =15 nm, a linear polarizer oriented at 0°, two
calcite retardersA( = 0.166) of thicknesg = 2.08 mm respectively oriented at 45° and 0°, two
calcite retarders of thickneSe= 10.4 mm respectively oriented at 0° and 45°nedr polarizer
oriented at 90°, a diffraction grating (1200 gro@wem covering 10 nm) and a CCD camera
(512 x 512 pixels). The sign1) is periodic and composed of several frequenciegh Wiis

retarder-thickness configuratiore,é,5e,5g 13 frequencies are generated on the analysis



window. The coefficients of a MMng;) are retrieved through application of a Fouriengform
to I(4) since they are linked to the magnitudes of therieoypeaks through relationships that
only depend on the retarder-thicknesses configamafi]. By application of the calibration
procedures described in [2], the accuracy onntheoefficients (normalized bynyg) is below
0.03 for measurements of well-known media (polayiz@ve-plate).

The chiral liquid crystal (LC) material under study Felix 015/100, which has a
birefringence around 0.16 in the visible/NIR. Twiags plates with transparent ITO electrodes
and with a thin film of rubbed polyimide, produdey spin coating, are used to fabricate the cell.
Its gap, obtained by spraying of spacers, is aidditum. The cell is then filled by capillary
suction and the LC is confined between both platgslanar orientation which means that the
LC molecules are parallel to the substrate. At reemperature (25°C), this LC is in the smectic
C* phase, where the molecular layers are perpeladi¢a the rubbing direction. The average
orientation of molecule is specified by the unittee i, called the director (Fig. 2). The director
is tilted by an angl& with respect to the layer normal and in SC* bulktemial, it rotates,
forming a helical structure with the axis perpenthc to the layers. However, as the LC
thickness is far below the helix pitch, and duehe planar anchoring conditions, the helical

structure is suppressed so LC exhibits ferroelatgrproperties. The spontaneous polarization,
Es, lies in the smectic layers and is perpendicudahe director. This structure is called SSFLC
(Surface-Stabilized Ferroelectric Liquid Crystad).[Application of an alternative electric field,

E, to this cell (Fig. 2) make®, aligns with E and the molecules move between two stable

states (“up” and “down”). The experiments were madtl the FLC cell set perpendicular to the

incident light.



The parameters issued from experimental MN¥y (vere extracted by the Lu and
Chipman decomposition [7], which consists in assgmnihat the medium under study is
composed successively of a diattenualdp, a retarderMg, and a depolarizet,, so that

M =M,M:M . For a FLC cell in normal incidence, no diattemuais expected, and the values

obtained are only associated to the experimentgendn that case, the parameters used for the
characterization are the depolarization ind&yx, the retardanceR, the fast axis-orientatiomg,

and -ellipticity, er [8]. They are linked to the director-orientationda-distribution in the FLC
cell. The orientation of the fast axig, is equal to the apparent andlg,, (Fig. 2). It represents
the angle between the projection of the directortlum O,,Oy) plane and the smectic layer

normal Oy axis). The retardancg, is linked to the anglg, by the following relationships:

R

_2mn(x)d An(y) = n.n,

A JnZCog[x]+ 1 Sif x] o @

wheren, is the ordinary index of the FLC, anglis the extraordinary one. ASgives insight into

the director position in the,0,) plane, the knowledge @k, andy is sufficient to describe

in a 3-D system on condition to assume a homogendistribution of the latter within the light

beam. The last two parameters characterize the gemetty of the director distribution. The
ellipticity of the FLC cell-associated retarder eps when the distribution of the director
orientation is non-homogeneous in tBgdirection (twist). Indeed, if one considers a €$sion,

in the O, direction, of thin layers of thicknes§,composed of molecules with an orientatign,
the resulting MM isM, = |_| M(&,¢,), whereMgis the MM of a linear retarder of thickness,
and fast axis orientationy;. If y; is varying across the total thickneds M, will be an elliptic

retarder. Ellipticity gives thus insight into therhogeneity of the director orientation along the

cell thickness. The depolarization indé, is equal to 1 for an elliptic retarder. If onewno



considers, within the light beam-@.5mm), multiple areas with different orientatiop;, the
resulting MM is M, :ZM <(d,¢)). If y; is varying within the ©,,Oy) plane,Pp associated to

Myy Will decrease. One should note that this statensevilid because the FLC cell was imaged
on a depolarizing medium, in turn imaged on theragmte of the detection system. The
depolarization index is thus expected to evideroe presence of domains with different
apparent angles at the beam scale. A key-asshtsofrethod is the simultaneous extraction of
all of the above parameters. It is the warrant gbad correlation between them, conversely to
the case where several experiments are neededatttifjuthe described effects since they
generate additional noise [4].

A square voltage betweanl5 V at 30 Hz was applied to the FLC cell to irtigege the
dynamics of switching between the up and the daates. But the great difference between the
CCD refreshment time and the duration of switchiggl ms vs= 100 ps) hindered its
measurement over a single period. This drove ws/mehronize the detection with the applied
voltage; then, the acquisition was progressivelyaybsl of the same time-increment to
reconstruct the transition. Each MM was measureth vei gate aperture of 5us and
25 accumulations. A total of 50 points were acquiwith an increment of 6 us. Figure 3
illustrates the time evolution of the four parametender study.

The rotational viscosityy, of the liquid crystal is determined through egtian of the
switching duration fromug(t). Indeed, in the simplest theoretical model, theaor behavior

over the transition is described yoAot = PsE.Sin[4, where # is the angle between the
applied electric field E, and the spontaneous polarizati@ﬁ,[Q]. The transition rise-timgq is

given by the interval between, for example, 10 &W6. In this study, the spontaneous

polarization value was given g = 33 nC/cm, the applied voltage was settat 10 V/pum and



the measured rise-time wig~ 70 ps. From the solution of the above equatiomesged in [9],

the relationt,, =7/(1,32P, E) led ton = 0.175 Pa.s for the rotational viscosity. Howevhis

simple relation gives a poor account of the trueaahyic behavior since it fails to give a good fit
of the experimental curve when only the ferroelectorque is taken into account. A more
elaborated model of the FLC switching dynamics vk presented and tested against
experimental data elsewhere.

The minimum observed on the plotR¢t) (Fig. 3) corresponds to the lowest value of the
angle,y (see Eq.(1))It indicates that, over the transition, the moleswget out of the cell plane
for a while. Indeed, according to the theory, inCHtells the molecules switch around a cone.

One should also note thBp is equal to 1 (uniform state) in the up and dotates. The
short minimum £ 0.900) means that, within the light beam, theaa#simolecules switch from
the up to down states at different times (dispersod switching starts). However, a domain
propagation-induced switching would have stronglydred depolarization value 0.650).

According to Fig. 3¢gr is close to 0° in the up and down states, whiclamaethat the
director distribution is almost homogeneous in @edirection despite a small twist, likely
located near the surfaces due to the anchoringgitre. The change i sign indicates a change
in the direction of twist. Analysis @k behavior at the transition is more complex becadisbe
non homogeneity of the director distribution in t{@,,0,) plane. On-going researches are
focused on the development of a more detailed mafdiile director distribution within the cell
to further quantify ellipticity and depolarization.

To gain more insight into the molecule behavior rotlee up/down switching, the
trajectory of the director extremity in th©(0O,) plane was plotted by using the experimental

anglesy andfapp, linked to the director coordinatesy(,2 by the relations = r.Sin[y].Sin[Gapd,



y = r.Sin[y].Cos[fapd, z =r.Cosfy], wherer is the size of the rigid stick that symbolizes the
molecule. Figure 4 illustrates the trajectory faltal by the molecules when they switch from the
up to down states for two different positions o tlght beam within the cell. One should note
changes (from a cone to a deformed ellipse) irsktizge of the different trajectories. This finding
suggests the existence of different layer strustwéhin the cell. The authors are currently
trying to give more thorough interpretations ofs@eesults, which will be published elsewhere.
This study demonstrated that snapshot Mueller m@iiarimetry can give account of
the behavior of FLC molecules over a fast transitidll of the parameters relative to the
collective motions of the molecule director werengitaneously extracted from a single
acquisition shot through use of a Lu and Chipmamrod®osition. For liquid crystal
characterizations, the simplicity and power of tirasolved Mueller polarimetry together with
the resulting enhancement of the signal-to-noi¢® nmake it more attractive than classical
optical techniques. Further investigations are nogpess to better describe the theoretical and
experimental dynamics in FLCs, where the chevramcsires of the smectic layers will be taken

into account.
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List of Figure caption

Fig. 1. Snapshot Mueller Matrix Polarimeter in twnfiguration €,e,5e,5g
Fig. 2. SSFLC cell and representation of the ddne(fh) in an &,y,2 coordinate system; FLC
molecules are symbolized by rigid sticks. The spoabus polarizatioﬂ?S is perpendicular to

the director, and tangential to the circle of in&ation of the cone with the boundary plane of the
layer.

Fig. 3. Evolution of the parametersg(t), R(t), (1), er(t)), throughout the up/down transition.
The voltage switches from +15V to -15Vtat 100 us.

Fig. 4. Representation of the director end in thg@,) plane during the up/down transition for
two positions of the beam within the cell. Theerpry showed in the left is calculated from the
parameters depicted in Fig.3. This representassaraes a collective movement of the directors
(no depolarization). The associated error bargaaran uncertainty of 0.5°on the retardance

value; r is normalized to 1.



Fig. 1. Snapshot Mueller Matrix Polarimeter in tonfiguration €,e,5e,5g
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Fig. 2. SSFLC cell and representation of the ddne(fh) in an &,y,2 coordinate system; FLC
molecules are symbolized by rigid sticks. The spoebus polarizatiof, is perpendicular to
the director, and tangential to the circle of in&ation of the cone with the boundary plane of the

layer.
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Fig. 3. Evolution of the parameterag(t), R(t), R(t), er(t)), throughout the up/down transition.

The voltage switches from +15V to -15Vtat 100 us.
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Fig. 4. Representation of the director end in Be@,) plane during the up/down transition for
two positions of the beam within the cell. Theerpry showed in the left is calculated from the
parameters depicted in Fig.3. This representatsnraes a collective movement of the directors

(no depolarization). The associated error bargaaran uncertainty of 0.5°on the retardance

value; r is normalized to 1.
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