N
N

N

HAL

open science

Correlation between static and dynamic polarimetric

properties and the texture of surface-stabilised

ferroelectric liquid crystal cells
Matthieu Dubreuil, P. Babilotte, Sylvain Rivet, Bernard Le Jeune, Laurent

Dupont

» To cite this version:

Matthieu Dubreuil, P. Babilotte, Sylvain Rivet, Bernard Le Jeune, Laurent Dupont.

between static and dynamic polarimetric properties and the texture of surface-stabilised ferroelectric
liquid crystal cells. Liquid Crystals, 2012, 39 (5), pp.619-628. 10.1080/02678292.2012.668953 . hal-

00822974

HAL Id: hal-00822974
https://hal.univ-brest.fr /hal-00822974
Submitted on 15 May 2013

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Correlation


https://hal.univ-brest.fr/hal-00822974
https://hal.archives-ouvertes.fr

Liquid crystals

Correlation between static and dynamic polarimetric propertiesand

the texture of Surface-Stabilized ferroelectric liquid crystal cells

Matthieu Dubreuft?”, Philippe Babilott&? Vinicius N. H. Silvd, Sylvain
Rivet"?, Bernard Le Jeunid and Laurent Duponht

'Université Européenne de Bretagne, 5 boulevard heeB5000 Rennes, France
Université de Brest, Laboratoire de Spectrométti®ptique Laser (EA 938), 6 avenue
Le Gorgeu, C.S. 93837, 29238 Brest Cedex 3, France

3Département d'Optique (UMR CNRS 6082), TeleconaBnet, Technopéle
Brest-Iroise, C.S. 83818, 29238 Brest Cedex 3, égan

*corresponding author. Email: matthieu.dubreuil@univ-brest.fr

Acknowledgements.

The authors thank G. Zion for technical realizadidd.P. Friocourt for help in the English
writing, and the Laboratoire de Magnétisme de Bye¢sfor the acquisition of polarizing
microscopy images. This work is financially suppdrtn part by the “Conseil General du

Finistere”.



Correlation between static and dynamic polarimetric propertiesand
the texture of Surface-Stabilized Ferroelectric Liquid Crystal cells

Snapshot Mueller matrix polarimetry was performadstatic and dynamic
analyses of surface-stabilized ferroelectric ligeigstal cells under electric field.
A strong correlation between the static (at fixettage) and dynamic (upon field
reversal) polarimetric properties and the textdriioelectric liquid crystal

cells was established. The birefringence propeviiere different between a
rooftop/zigzag-textured cell and a stripe-textucetl. The trajectory of the
optical axis, plotted over the transition betwegn addressed states, was
analyzed for each cell. The shape of the trajezsarould be explained by a

reversible motion of the smectic layers while shiitg).

Keywords: liquid crystals, surface-stabilized fedextric liquid crystal, optical

characterization, polarimetry, Mueller matrix, dymas, smectic layers.

1. Introduction

The description of static and dynamic effects imdelectric liquid crystal (FLC) cells
in the surface-stabilized geometry has been winhelgstigated since their first
implementation by Clark and Lagerwall [1]. A simp¥ay to gain insight into the
texture of such cells is to examine them with apning microscope [2]. Furthermore,
electro-optical characterization can be made gnisity measurements between crossed
polarizers with a temporal resolution in the ordemicrosecond. However, the use of a
complex model is required to get a complete desoripf the molecular distribution
and the layer structure. But, other methods weveldped to characterize liquid
crystals (LCs), which are model-independent. Amttragn, X-ray diffraction, for
example, allows the description of the layer stitee{3]. Otherwise, optical guided
modes [4] give access to the molecular in depttridigion. However, with these last
two methods, lateral spatial resolution as wetleasporal resolution is often poor.

A snapshot Mueller matrix polarimeter [5] was rebedeveloped by our team,
and further used to carry out time-resolved analydgeeorientations in FLC cells [6].
This tool has many advantages for optical charaetiéon of liquid crystals. First, the
lateral spatial resolution is about the opticalmesize (~500 um here). Secondly, the

temporal resolution, equal to the detector acdarstime (~us here), is the best one



achievable among current Mueller polarimeters. Mwoee, the Mueller matrix gives
access independently to each polarimetric prop#rtlye sample (dichroism,
birefringence and depolarization), which is moreiesting than simple intensity
measurements.

When a high-intensity and low-frequency electreddiis applied to a Surface-
Stabilized Ferroelectric Liquid Crystal (SSFLC)lc#k texture is known to evolve
from an initial uniform texture with zigzag defet¢tsa uniform striped texture by
passing through a most complicated "rooftop” tex{ur10]. The change of texture is
associated to the irreversible straightening othefsmectic layers, due to the coupling
of the spontaneous polarization with the appliedteic field. The electro-optical
behavior of a cell was shown to be dependent aextsire [7].

The study reported here was aimed at establishgtigpag correlation between
the static and dynamic polarimetric propertiesugssfrom Mueller matrix
measurements) and the texture of SSFLC cells. Wakaw for dynamic
measurements that, over the transition betweeratldoessed states, the trajectory of
the optical axis of the cell depends on its texture

The experimental setup is described in Sectiorh2nTthe polarimetric
parameters issued from Mueller matrix measureneetexplained and related to the
director distributions within the cell in SectionSection 4 gives insight into the
textures of the SSFLC cells, and Section 5 predbaststatic (at fixed voltage) and the
dynamic (upon field reversal) polarimetric param&t&ection 6 reports on the results
of similar experiments carried out on a single o&llde of areas of different textures, in
order to check for the previous findings. Finathyg dynamic behavior of the liquid

crystal molecules and the one of the smectic lagersliscussed.

2. Experimental setup

The Snapshot Mueller Matrix Polarimeter (SMMP) usethis study was described in
[5]: parallel polarization states are obtained bgagling through use of the spectral
domain. Indeed, the aim is to assign a given siigp®larization to a given wavelength.
The device consists of a broadband source, a petaaind two retarders for polarization
state generation, plus two retarders, one polaardra dispersive system for
polarization state analysis. The full polarimetesponse (Mueller matrix) of the

sample is thus included in a single spectruiy), hose acquisition time only depends



on the detection system. The experimental setdppgcted in Figure 1.
[insert Figure 1]

The 15-nm-broad source is a superluminescent B&E/Tek®) with a
central wavelength at 829 nm. The beam size, liyitound 1 mm, has been reduced
to 500 um by using an afocal system composed ofdnges. The polarizers
(ColorPol®), made of nanoparticules, have an ektinaatio of 100 000:1 and an
angular acceptance of 20rhe retarders are made of calcit@ € 0.1661), and have a
thickness e = 2.08 mifor the coding system, whereas the thickness adhused for
the decoding system is 5e = 10.4 mm. The lighbiected by a multimode optical
fiber, and injected into a dispersive system coradax a 1200 grooves/mm grating and
a 51x512 pixels CCD camera (ICCD-Max®). Given that oohe dimension of the
CCD is used (wavelength axis), a binning is madé&énother direction (intensity axis),
which enhances the signal-to-noise ratio. In otdexvoid coherence effects, the sample
is imaged on a scattering medium, in turn imageti@entrance of the optical fiber.
The temporal characteristics of the camera for detpiisition are: a gate width
adjustable over a time range from the ns to thedsaarepetition rate around 1 kHz. A
full Mueller matrix is included in a single speatrul(A), and thus recorded under the
previous conditions, which are the best ones aabievamong current Mueller
polarimeters. The Mueller matrix is evaluated atwavelengtho, which is the central
wavelength of the detection range. Techniquesdoomstruction of Mueller matrices

and calibration of the device were described ir.[11

3. Polarimetric parameters

All of the polarimetric properties of a given samplre contained in its Mueller matrix.
They consist of: i) dichroism (action on the eliecfield component amplitudes),

i) birefringence (action on the electric field cponent phases) and iii) depolarization
(random action on both amplitude and phase). Kordicrystal analysis under normal
incidence, no dichroism is expected. On the otledhsuch devices have a strong
birefringence effect. A liquid crystal cell can thine associated to a retarder. The
depolarization effect results from a spatial (oer section of the beam seen by the
detector) or/and temporal (over the acquisitioredigveraging of polarimetric
properties. However, spatial inhomogeneities creadttering of light. In the setup

described here (Figure 1), spatial filtering isiagbd by the pinhole, which means that



there is no collection of the scattered/diffradigtit. If spatial inhomogeneities create
scattering, no depolarization will be detected. idegr, depolarization will be used,
through the depolarization indeRp [12], to control the aperture time of the CCD
camera.

The different polarimetric effects are separatec by and Chipman
decomposition of each experimental Mueller matti3][ It results in the analysis of
three matrices (diattenuation, retardance and dépation matrices), corresponding to
each polarimetric effect (dichroism, birefringendepolarization). In this study, only
the retardance matrix was exploited. The advantégeeasuring the whole Mueller
matrix of the sample and performing a Lu and Chipme@composition is that the
birefringence properties are obtained from theltggm of an over-determined and
noise-filtered system. A set of 3 experimental peeters giving the full description of
the retarder associated to the liquid crystal cafl be extracted from the retardance
matrix: they consist of i) the retardané® phase difference between the two eigenstates
of the retarder), ii) the azimuth anglex( direction of the fast axis of the retarder) and
iii) the ellipticity angle &g, ellipticity of the retarder). Those parametess tatally
model-independent, and they only describe the Wwaypblarization of the light is
modified by the cell. The first two parameterg GndR) can be used to represent the
optical axis of the retarder into the laboratorgrinate systemCx,Ov,0;), as shown
in Figure 2.

[Insert Figure 2]

Indeed, a liquid crystal cell can always be desttiby a homogeneous uniaxial
slab, where the direction of the optical axis talty determined by the knowledge of 2
angles, the in-plane angl&,, and the off-plane anglé. In the measurements

presented here, those 2 angles are linké&laond i as follows:

a, =6, (1)

o~ 2rmn(8,, ) d
AO

nn,
\/n§ sin’ (Hoﬁ ) +n’ cosz(Hoﬁ)

with  An(6, ) = -n, )

with 4= 829 nmd is the thickness of the SSFLC cell,andn, are, respectively, the
extraordinary index and the ordinary index of tla@id crystal cell. The parametes,

which is equal t@&,, is thus the angle between the projection of fitecal axis in the



plane of the glass plates and the rubbing direclitve parameteR, is linked to the
angle, 4, which is the angle between the optical axis &edglass plate. Under the
assumption of a uniform in-depth molecular disttid, the optical axis is aligned with
the long axis of the molecules (director).

The last parametet) is linked to the in-depth molecular distributidiagong
O7). It was shown [14] that, along the direction loé light propagation, a superposition
of linear retarder slabs with their optical axidifferent directions is equivalent to an
elliptic retarder. This is the case for "twist""gplayed” molecular distributions along
the depth. Although the ellipticity parametgns not sufficient to get an in-depth-
resolved description of the molecular orientationg should generate a distribution and
compare the result of light propagation with theemxmental parameters), it can give
insight into the global shape of the distributiBor example, simple distributions were
simulated to quantify the ellipticity parameten;, £1.5 um planar-oriented cell with a
cone anglé®=25.5°. For a uniform distribution, the ellipticity 0°. For a quasi-uniform
but symmetric chevron distribution as in [15], tikpticity is also 0°, which can be
explained by the perfect compensation of the tixttveen the two halves of the cell.
For a splayed distribution (with a linear variatiointhe azimutal anglé between the
two surfaces), the ellipticity parameter is abaut’8For a half-splayed distribution, the
ellipticity parameter is about 6.7°.

One should keep in mind that the optical parameteder study results from an
averaging over the optical beam size. However,kham spatial filtering, the
scattered/diffracted light is not analyzed. In thhse of SSFLC cells, layering defects
create scattering and a horizontal chevron straditripes) creates diffraction. The

optical parameters are thus not sensitive to tlasséwo effects.

4. Texturesof FLC cdlls

The samples under study were two SSFLC cells mbtteesame material
(Felix 015/100 from Clariant®), whose charactecistare given in Table 1.

[insert Table 1]
They were prepared as follows: two glass substraées coated first with transparent
electrodes of indium-tin-oxide (ITO) and then spoated with a layer of polyimide
prior to rubbing in order to generate a planarrdagon of the liquid crystal. The gap

between the substrates was controlled by glass4yzkrs to get thicknesses of about



1.8 um (cell 1) and 1.5 pm (cell 2). Then, the L&li*015/100 in isotropic phase was
introduced into the cell by capillarity and cooldolwvn to the SmC* phase, at room
temperature. A high-intensity and low-frequencyctile field treatment (10Hz - £20V
square wave voltage during 2 hours) was applieghth cell in order to change its
texture. Because of their different thicknessesestilted in the formation of two
different textured cells. Indeed, the electricdisken by the liquid crystal molecules
was lower in cell 1 than in cell 2. Figure 3 shgwedarizing microphotographs of two
regions of both cells after electric field treatjemder a 10V voltage.

[insert Figure 3]
Cell 1 presents a lot of "rooftop"” defects (FigBréa)) as well as a small area with
zigzag lines (Figure 3-(c)). On the other hand, Zexhibits a more uniform texture
with stripes (Figure 3-(b) and 3-(d)). When no agk was applied to the cells, both
were brought to extinction when placed betweensadgolarizers (uniform memory
states).

Such textures can be explained as follows: inyjafter cooling down from the
smectic A* phase, the smectic layers adopt the-lredwn vertical chevron structure.
When an electric field is applied perpendiculath® glass plates, the spontaneous
polarization tends to align with the electric fiekdit in the vertical chevron structure,
they are not totally aligned. If the field valuesigfficiently high, the smectic layers
begin to straighten out for alignment of the spoatas polarization with the electric
field and form, at first, the "rooftop" texture. iSHexture suggests a local variation of
the chevron angle. Increasing the electric fieldtlje exposure time) makes the smectic
layers evolve to the so-called quasi-bookshelfcstme leading to the formation of a
horizontal chevron structure seen as stripes ypalarizing microscope. This
irreversible behavior has been widely supportedditi optical [7-10] and X-ray

diffraction [16-18] measurements.

5. Static and dynamic polarimetric properties

Our investigations were focused, at first, on tiaic (at fixed voltage) polarimetric
properties of the liquid crystal cells. The driviegheme of the applied voltage is
depicted in Figure 4.

[Insert Figure 4]



The detection system and the driving voltage wgnelsronized in order to measure the
polarimetric properties at 4 specific voltage vatuel5V, 0V (from +15V), -15V and
0V (from -15V). The addressed states were thosamdd at +15V ("up”) and -15V
("down"), whereas the memory states were obtaih@¥ drom +15V ("Oup") and -15V
("0down"). Relaxation times of about 1ms were dateed from intensity
measurements. To gain a global insight into théapdistribution of polarimetric
parameters over the cell, a polarimetric imageéhefdell was constructed, by moving
the sample on a 2-D translation mount, and by mreagiis Mueller matrix for each
probing position. The distance between two prolposgjtions was 500 um; moreover,
the image was composed of 400 “pixels” §P0), which means with a global field of
view of (1 cmx 1 cm). One should note that the independent behafithe four states
Is not as useful as the comparison between theessiell and the memory states. For the
two cells under study, Figure 5 shows variationthenvalues ofzz andR parameters
between the "up” and "Oup" states. Given the lddigmificant difference between both
states foer andPp, which are kept close to 0° and 1, respectivélgytwere not shown
in this paper.

[insert Figure 5]
For cell 1, the average values of the differences@"R°“*> = -4.90° and
<ar™-a?"P> = 7.20°. For cell 2, the average values<®®R"" = -1.68° and

< a/Rup_ a/RO

“P> = 4.15°. According to Figure 5, the memory stdbesell 2 are closer to
the addressed states than those of cell 1; thisgrtbat the difference is reduced by the
electric field treatment. This result was confirmisdintensity measurements in a
previous study [7]; in the investigations reportexle, it is established fatz andR.

The switching dynamics from the "up” to the "dovatétes (“up/down”
transition) were then measured under applicatican D30 Hz - +15 V square wave
voltage. In the current configuration of the expental setup, the repetition rate of the
CCD camera was around 1 kHz, and the switchinggifoethe SSFLC cells were
around 100 us. The dynamic evolution of the polatiia properties cannot, thus, be
acquired over a single period. This led us to syorize the camera with the applied
voltage to further reconstruct the whole transitigra step by step lengthening of the
acquisition delay. This process supposes that tileaules behavior is repeatable,
which was verified otherwise. The acquisition tifaeone point and the step of the
delay were both set equal to 5 ps. Figure 6 ikist the dynamic evolutions of the

polarimetric parametergg andR, at one particular position (one pixel) within thells.



[Insert Figure 6]
The depolarization indeRp, that has not been represented here, stays ddsewvhich
means that the acquisition time was short enougivaad temporal averaging. The
dynamic behaviors afg andR are very different between the two cells. Foransg,
the duration of the transition is shorter for dethan for cell 2, as it can be seen on
ar(t) curves. The observation Bft) curves also shows two distinct behaviors. An

interesting way to represeng andR is to draw the trajectory of the extremity of the
OA vector over the transition, in th®y,O;) plane, which is parameterized by the

angles4, andéy, as it can be seen in Figure 2. The trajectorﬁe@@vector in the
(Oy,07) plane, corresponding to the experiments illusttah Figure 6, were plotted in
Figure 7. One should note that they were calculateter the assumption of unchanging

indexesn, andn, during the transition, which means a collectiveiomof the

molecules.
[insert Figure 7]
From Figure 7 it appears that the trajectory fdr tés flat-shaped whereas the one for

cell 2 is more circular. To gain a global insighita this behavior, the "up/down”

dynamics were investigated over the whole cellso parameterg S| and 7, were used

to give account of the dynamic behavior. The patarrfs| (expressed in degree)

represents the flatness of the trajectory. It finde as| = Z(H(‘Jﬁ - egﬁ) , Where gy, is

the off-plane angle in the addressed state befieréransition and.; is the off-plane

angle for the'f acquisition of the transition. The paramet¢expressed in

microsecond) is the rise time of the transitiortaoted by an adjustment of the equation

tang, (t) = targ tanE% - IG taﬁzﬁﬂ [19]. Their values were calculated for each

position of the cells, and the results are preskmé&igure 8 as images set at the same
spatial positions as in Figure 5 (static prope)ties

[Insert Figure 8]
It is worth noting that the behavior observed a position of the two cells (a more
flattened trajectory and a quicker transition fell @, Figures 6 and 7) is alike at every

position in the cells.



In conclusion, the comparison of two cells withfeliént textures showed that
the optical axis of a cell with the texture of cel{no stripes) has a more flattened
trajectory during the transition than a cell tegtiias cell 2 (stripes), and that the rise
time is shorter for cell 1 than for cell 2. Moreoystatic experiments showed that the

memory states are closer to the addressed statei ththan in cell 1.

6. Resultson athird cell having different textures

In order to validate the correlations exposed @ilgtve, the same experiments were
carried out on a third and 1.6-pum-thick SSFLC (@l 3) made of the same material,
but with zones of different textures. Indeed, tharge of texture induced by the
electric field treatment is very dependent on thgiwal texture [20]. The results of the
static and dynamic experiments are presented uré&ig.

[insert Figure 9]
One should note that, for the static experimentl; the image representing the
differenceer "P-2r’"P is depicted, whereas for the dynamic charactéoizaonly the

trajectories at three particular positions of thk are shown. The values of parameters

|S| and7 were calculated at these positions. The restiltsecstatic and dynamic

experiments are presented in Table 2.
[Insert Table 2]
They show that, when the difference between merandyaddresses states is

decreasing, the trajectory of t@Avector becomes more and more circular, and that
the rise time is increasing. This behavior corresisao the behaviors of cells 1 and 2.
Moreover, the static and dynamic behaviors arestaterd to the inner textures of the
cell. Indeed, at position 1, the texture is unifbyrstriped, at position 2, one can observe
only a few stripes and at position 3 none of themresent. The indirect observation of
the stripe texture was represented on Figure 9eall¢llaser light diffraction patterns.

The correlations between the texture and the staticdynamic behaviors of
polarimetric parameters established for cells 12ade alike in the case of a single cell
with different textures. Two conclusions can be mapthe correlations are validated
by the observations on cell 3, and ii) the statid dynamic polarimetric properties can
be different over a single cell, depending onatsal structure (chevron or quasi-
bookshelf).



7. Discussion

The observations of the static and dynamic behawbpolarimetric properties lead to
several comments. First of all, the shape of thicalpaxis trajectory has to be
discussed. During the "up/down" transition, theiiébcrystal molecules are moving on
the smectic cone [20] (Goldstone mode). Indeedkstbeen verified that, for the three
cells in question, the switching time is dependenthe applied voltage. If we assume a

perfect bookshelf structure for the smectic layard a uniform molecular distribution,

the trajectory of th@Avector into the Qy,0;) plane should be a perfect circle. If the
layers are tilted in a symmetric chevron structthiis trajectory is distorted toward a

slightly deformed circle, because of the projectibithe smectic cone system onto the

laboratory system. But, if the layers are fixeds ivery unlikely that th@Avector will
follow a flat-shaped trajectory over the transititins thus very likely that the smectic
layers reorient reversibly while the director isvimy around the cone. This behavior
has already been proposed by other teams and cedwéh optical intensity
measurements [21-22]. However, according to theexyents reported in [15] and
[23], no reversible smectic layer movement upolufreversal was observed. It was
suggested in [15] that the smectic layers remanthanged and that the in-depth

distribution of the molecules is quasi-uniform. Bacbehavior cannot result in the

observation of a flat-shaped trajectory for DAvector. In [23], the authors proposed
the formation of half-splayed states during switchiHowever, such a distribution
would generate a high ellipticity parametgi(see Section 3), that was never observed
in this study, whatever the experiment (Figure MQ)reover, in a recent study [24], the
reversible reorientation of the smectic layers wlaserved in high resolution time-
resolved X-ray experiments: it is worth recallilgt such experiments are totally
model-independent and give direct access to thenargtion of the layers. The results
obtained by using the snapshot polarimeter are, ihuagreement with the observation
reported in [24].

This behavior could be explained by the stronguigriice of surface orientations
in the SSFLC geometry. The interaction length ofae torques is in general much
greater than the cell thickness, so the planantai®n at the surface imposes a planar
orientation of the molecules in the whole cellabidition, the structure of the SmC*
phase forces the director to rotate on the smeotie. To satisfy both requirements

during switching, the smectic layers may move wthke molecules are switching



around the cone, and keep them in the planar atientover the whole transition.
However, the chevron angle at the surfaces muké@, which probably results in a
complicated deformed layer structure during theavimg motion, as shown
experimentally in static measurements [17]. Thisawr also agrees with a previous
description by Hartmann [21]. When the smectic tayge irreversibly straightened out
further to the application of the electric fiel@atment, they are fixed in the quasi-

bookshelf structure. As a consequence, the lagensin unchanged and steady during

the switching process, and the trajectory of@&vector into the Qy,0,) plane
becomes close to a perfect circle, as observediexgetally here.

Although the above interpretation assumes a unifariuasi-uniform
distribution of the molecules, the case of the narferm distribution cannot be

excluded. In that case, the representation agegtioay is no more valuable, because the
indexesn, andn, are time-dependent. However, the non-uniform ithistion must

evolve so as to fit the paramet&ser andeg during the whole transition. Although
several non-uniform distributions have been progasehe literature and confirmed by
optical measurements [15,25], we found no theaktisstribution able to adjust
Mueller parameters for our experiments.

[insert Figure 10]

There is another point that must be raised fronotiservations of the dynamic
behaviors. Indeed, we showed that the transitios sk@rter in the chevron-structured
(cell 1) than in the quasi-bookshelf-structured| g This result was confirmed by
cell 3 (Table 2). This observations could be linkedhe results proposed in [26,27]
obtained by numerical calculations, where a lortgday time was ascribed to
bookshelf cells. However, the rise time, that nagstle inversely with the applied field,
should be higher for position 3 than for positigrb&écause the effective applied field is
stronger in position 1 than in position 3, throdlyé term co®, whered is the vertical

chevron angle. The behavior observed here is theany.

8. Conclusion

This study established correlations between thesiad dynamic polarimetric
properties and the texture of surface-stabilized#dectric liquid crystal cells. For a
cell exhibiting a texture with "rooftop” and zigzadefects (chevron structure), the



difference between addressed and memory state®wad to be high. Moreover, the
trajectory of the optical axis during the "up/dowirénsition proved to be flat-shaped.
On the contrary, in a cell with a striped textugadsi-bookshelf structure), the
difference between addressed and memory statelowasg and the trajectory during
the "up/down" transition was more circular. Assugnancollective movement for the
molecules, the shape of the trajectories can oalgxdplained by a reversible motion of
the smectic layers, simultaneously to the rotatibthe molecules on the smectic cone.
This result has to be confirmed by carrying outlaneasurements by using time-
resolved optical guided mode and X-ray methods. él@r, the experiments reported
here show that the snapshot Mueller matrix polaiemis a beneficial tool, thanks to its
simplicity and high temporal resolution, and caadi¢o a better knowledge of dynamic

behaviors into liquid crystal devices.
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Figure 1. Experimental setup of the snapshot Muelligtrix polarimeter in the
(e,e,5e,5econfiguration. The input polarizer is set at @tldhe output polarizer at 90°.
The optical axes of the retarders are respectwmeinted at 45°, 0°, 0° and 45°. The
retarders are made of calcite and are 2.08-mm-{emtting system) and 10.4-mm-thick
(decoding system), respectively. The leng,ilnages the sample under study on the
scattering medium, whereas the leng,ilnages the scattering medium at the optical
fiber entrance. The scattered/diffracted lighiliefed by a pinhole set before the
decoding system.
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Figure 2. Representation of the cell in the labmgatoordinate systen©g,0y,0O;). The
orientation of the optical axis is represente@& vector.
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Figure 3. Textures observed under polarizing mmops for two areas of cell 1 ((a) and
(c)) and cell 2 ((b) and (d)), after 2 hours ofthigtensity and low-frequency electric
field treatment (10Hz - £20V). The polarizing misompe is the LEICA DMLP (20
objective). The field of view is (500 urm500 um). The voltage applied to the cell is
10V, and the detection is synchronized with thgidg voltage.




Figure 4. Trigger pulses (a) and driving schemeo{lihe applied voltage for the static
experiments. The arrows indicate the position efrtteasurement for the "up”, "Oup”,
"down", "0down" states, are located respectivelyrag 9ms 14msand19msfrom the
trigger pulse.

20ms

(a) ] t

+15V l —

(b) t

-15Vv T



Figure 5. Comparison of the polarimetric parameiferenceszz andR between
addressed ("up") and memory states ("Oup"), fdrkcahd cell 2. The field of view is
(1 cmx 1 cm). The vertical scale is in degree, and igdéi into 50 gray levels.
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Figure 6. Dynamic evolution of the polarimetric @aeterser andR, during the
"up/down" transition at one particular positioncell 1 and cell 2. The electric field is
reversed at t = 50 pus; this time is representeartows on the figure.
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Figure 7. Trajectories of the extremity of tB& vector in the ©y,0) plane
corresponding to the experiments of Figure 6, &k and cell 2. The trajectory is
parameterized by the anglfs and &, defined in Figure 2.
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Figure 8. Images of parametdﬂ (°) andr (us), for cell 1 and cell 2. For explanations
about the parameters see text. The spatial positibthe images are the same as the
ones of Figure 5 (static properties). The averadees for|S| andr are: for cell 1:

<|§/>=52.9° and & =20.3ps, and for cell 2:/§ > = 177.6° and & = 36.5s.
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Figure 9. Static and dynamic experiments driveg&h3. The static image represents
the differencex "P-ar*Pin degree, with a (1 cx1 cm) field of view. The
experimental trajectories of the optical axis dreven for three different probing
positions. The photographs of He-Ne laser lighfraldtion patterns have been

represented for each position.
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Figure 10. Evolution of the ellipticity parametg(t) during the "up/down" transition at
one position for cell 1 and cell 2.
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Table 1. Characteristics of the Felix 015/100 kbaiystal mixture.

spontaneous polarizatidy 33 nC/cm
viscosity 80 mPa.s
tilt angle# 25.5°
birefringence §30nn) 4n 0.16

phase temperature sequence 0 i85 ¢ 0 5= A o N 0 FHC. isotropic




Table 2. Values of the parametexs®™ar °*", |S| r for the three positions within cell 3
(see Figure 9).

position 1 position 2 position 3
ar™P-ar "™ (°) 3 7 10
EXQ 239.2 97.7 19.5

T (US) 29.5 23.5 16.9



