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We report measurements of the temporal dependence of the second-harmonic generation from a 50
um thick homeotropically aligned cell of ferroelectric liquid crystal (SCE9) (British Drug House, Ltd.)
exposed to a symmetric square wave form electric field. The field switches the molecular configuration
between the two unwound states with the director on the opposite positions of the tilt cone. The
response of the second-harmonic signal measured in the phase matching geometry for one of these equi-
librium states shows that a complete switching process takes several seconds. In experimental
geometries away from the equilibrium phase matching geometry a strong transient second-harmonic sig-
nal is observed during the switching. It corresponds to the transient realization of the phase matching
condition related to the intermediate molecular configurations. The study of this effect provides a pre-
cise time resolved monitoring of the molecular dynamics during the switching. Our results show that
the director reorientation in a hometropic cell goes on within numerous domains of a size much smaller
than the optical wavelength. On the basis of this assumption the temporal dependence of the director re-
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orientation within the domains is calculated.

PACS number(s): 61.30.—v, 42.65.Ky, 78.20.Jq, 42.79.Kr

I. INTRODUCTION

The manifold applications of ferroelectric liquid crys-
tals (FLC) in fast electro-optic devices have stimulated
several studies of the switching process in FLC cells.
Most of the studies have considered optical transmittance
changes in thin (~1 pm) surface stabilized cells (SSFLC)
placed between crossed polarizers and exposed to alter-
nating electric field [1-5]. In SSFLC cells the helical
structure of the smectic-C* (Sm-C*) phase is suppressed
by the surface [6]. The theoretical models of the switch-
ing process show that in many cases a spatial inhomo-
geneity of the molecular reorientation has to be taken
into account to adequately explain the observed features
[7-12]. Some studies were performed also on thicker
(~10 pm) planarly aligned cells (smectic layers perpen-
dicular to the surface) where the formation of the Sm-C*
helix plays an important role [13—15]. Due to this prop-
erty the electro-optic response becomes very slow and
complicated and is at present not theoretically described.
In contrast to planar cells the studies of the switching
process in homeotropically aligned cells (smectic layers
parallel to the surface) have been very rare. Ozaki and
co-workers have reported millisecond transmittance vari-
ation in a 13 um thick homeotropic FLC cell exposed to
a square wave form field [16,17]. They also mentioned a
possibility for application of this type of cells for modula-
tion of the optical second-harmonic generation.

The lack of inversion symmetry in the Sm-C* phase al-
lows optical second-harmonic generation (SHG) in this
mesophase. The SHG is pronounced only in cells with
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the unwound helix [18,19]. In this respect the unwinding
by the surface coupling is not very appropriate because of
the limited thickness of the SSFLC cells which results in
a low output power of the second-harmonic beam. More
suitable thick cells are usually unwound by the applica-
tion of an external electric field above some critical mag-
nitude E,. To obtain an efficient SHG from a thick cell
the phase matching (PM) condition has to be realized.
The realization of PM condition, which compensates the
material color dispersion, is achieved by the use of the
FLC birefringence. The PM geometry is easily estab-
lished in a homeotropically aligned cell when the cell is
rotated with respect to the incident beam around the
direction of the external field [20,21]. The width of the
PM peak in 100 um thick cells is usually only a few de-
grees [22]. Such a narrow peak is very sensitive to any
changes of molecular configuration within the cell and its
investigation thus provides a possibility to follow the
molecular reorientation during the switching process.
The dynamic response of the SHG signal on a step field
and on an asymmetric square wave form field applied to
the homeotropically aligned FLC cells were studied re-
cently [23,24]. These studies provide information on the
dynamics of the winding and unwinding process of the
Sm-C* helix. In this paper we present the results on the
SHG response of the homeotropically aligned FLC cell
exposed to a symmetric square wave form field. The field
is varied in frequency and amplitude. This field switches
the molecular configuration between the two unwound
states with the opposite position of the director on the tilt
cone. We studied also the angular dependence of the
modulated SHG signal which gives the PM profiles relat-
ed to the intermediate molecular configurations realized
during the switching. From this study we deduce the
temporal dependence of the director reorientation which
is calculated assuming a multidomain switching process.
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II. EXPERIMENT

The compound used in our investigation was a com-
mercial British Drug House mixture SCE9. It has a
room temperature Sm-C* phase with the tilt angle 6 of
20.5° at 20°C. The SCE9 is very appropriate for investi-
gation of the dynamic SHG response due to its high
spontaneous polarization (P, =33.6 nC/cm? at 20°C),
long helical pitch (p =~ 15 um) and high second order non-
linear optical susceptibility y?. Due to these properties
efficient SHG modulation is achieved by low electric
fields. The components of the nonlinear susceptibility
Xijx and the color dispersion of the refractive index of
SCE9 have been previously determined by Liu et al. [25].
This allowed us to concentrate directly on the dynamic
properties of the SHG in this material. A homeotropical-
ly aligned cell was prepared using silane (DMOAP) coat-
ed glass plates separated by two 50 pum thick Mylar
spacers. One of the glass plates was covered also by two
stripes of conducting indium tin oxide (ITO) layer which
served as electrodes to provide electric field parallel to
the glass surfaces. The gap between the electrodes was
1.4 mm.

The fundamental light source in the experimental setup
was a Q-switched Nd-YLF laser operating at a repetition
rate of 1 kHz. It provided 7 ns long light pulses with the
1.046 um wavelength. The average power of the outgo-
ing beam was 150 mW. The beam passed a polarizer and
a visible-cut filter and was then focused on the sample by
a cylindrical lens with a focal length of 500 mm. The
laser spot size on the sample was around 0.6 mm X0.1
mm with the long axis parallel to the electrodes. The
focusing with the cylindrical lens was used to increase
the homogeneity of the external field within the region of
the laser spot. The second-harmonic beam was separated
from the fundamental beam by a grating spectrometer
and detected by a photomultiplier. The output from the
photomultiplier was connected to a gated integrator syn-
chronized with the laser. The integrated signal was mon-
itored on a digital oscilloscope and was averaged up to
256 times. As there was no synchronization between the
laser Q-switched unit and the square wave form field
which was applied to the sample and was also triggering
the scope, the multiple averaging of the signal provided
random sampling, giving an effective time resolution of
about 10 us.

All the measurements were performed at room temper-
ature. The sample was mounted on the rotation stage,
which allowed rotation of the sample around the direc-
tion of the external field (Fig. 1). This direction is chosen
as the y axis of the coordinate system. An unwinding dc
field of the magnitude 1570 V/cm was applied to the sam-
ple. This field corresponds to the field five times larger
than the critical field E, necessary to unwind the helical
structure. The position corresponding to the type I (ee-0)
PM was found. The type I (ee-0) PM is a PM with the
fundamental beam polarized as an extraordinary beam
and the second-harmonic beam polarized as an ordinary
beam. The PM was achieved when the incident angle o
of the laser beam with respect to the sample normal was
2.5°. For the applied dc field of —1570 V/cm the PM ap-
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FIG. 1. Experimental geometry.

peared at a=—2.5°. After determination of the PM
profile in the dc field the field was changed to the square
wave form field.

III. RESULTS

In the first series of measurements we investigated the
dependence of the SHG response on the frequency of the
modulating field. The amplitude of the applied field was
1570 V/cm. The measurements were performed at
a=2.5°. Figure 2 shows the temporal behavior of the
second-harmonic power P, at four different frequencies
of the modulating field. The temporal dependence of the
field is also marked. The field switches the molecular
configuration into and out of the PM geometry. At the
frequency of 0.05 Hz the temporal behavior of the P, is
as expected [Fig. 2(a)]. The orientation of the cell corre-
sponds to the PM direction for the positive dc field and
therefore the SHG signal is high when the field is positive
and decreases to almost zero when the field is negative.
It takes around 5 s for the signal to change between these
two dc field determined equilibrium values. At the
modulation frequency of 1 Hz the SHG signal decreases
[Fig. 2(b)]. The equilibrium values of P,, are no longer
realized.

A very unusual behavior is observed for the 8.5 Hz
modulation [Fig. 2(c)]. At this frequency the situation
becomes totally opposite with respect to 0.05 Hz modula-
tion. The SHG signal is very low when the field is posi-
tive and is high when the field is negative. An interval of
zero signal, about 5 ms long, is noticed just after the field
sign is changed. This dip predominates at the modula-
tion frequency of 50 Hz [Fig. 2(d)]. At the frequencies
above 100 Hz the SHG is zero all the time.

To explain the behavior of the SHG signal at different
frequencies, we measured the angular dependence of P,,
within the negative field intervals during the 10 Hz
modulation and compared it to the angular dependence
in the negative dc field of the same magnitude. These an-
gular dependencies are presented in Fig. 3. The data for
10 Hz modulation correspond to the values of P, at the
end of the negative field intervals. The typical dc field
determined profile of the PM curve remains even during
the 10 Hz modulation, but the position of the peak is
shifted from a=—2.5° to 4° and the amplitude of the
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FIG. 2. Temporal dependence of the SHG at different frequencies of the square wave form field: (a) v=0.05 Hz, (b) v=1 Hz, (c)
v=28.5 Hz, and (d) v=50 Hz. Temporal dependence of the field is shown at the bottom of the figures. The dashed line corresponds to
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FIG. 3. Angular dependence of the second-harmonic power
P,, in the negative dc field (squares) and at the end of the nega-
tive field intervals of the square wave form field with the fre-
quency of 10 Hz (circles).

peak is decreased. The shift of the PM direction with the
frequency explains the different temporal SHG responses
observed for 8.5 and 0.05 Hz modulation.

At the incident angles @ < —4° and a >4° interesting
transient maxima appear in the SHG response during 10
Hz modulation. They are illustrated in Fig. 4, which
shows the temporal dependence of P, in different experi-
mental geometries. At a=7° the dependence is similar to
what is observed at a=2.5°. There is almost no SHG sig-
nal in the positive field and a lot of signal in the negative
field. But when the cell is rotated to some larger values
of a this signal decreases and what remains are only the
two short second-harmonic light pulses which appear
some delay time 7 after the field sign is changed. At «a
around 30° they disappear too. These transient SHG
peaks are linearly polarized along the y axis.

Figure 5 shows the delay time 7 of the transient SHG
peaks as a function of a. The delay time of the peaks fol-
lowing the + to — sign change decreases with the in-
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FIG. 4. Temporal dependence of the SHG at different in-
cident angles a of the fundamental beam. The temporal depen-
dence of the field is marked in the bottom of the figure.

creasing a, while the delay time of the peaks following
the — to + sign change increases with the increasing a.
On the contrary the height of the peaks P,,, ., decreases
with the increasing a for both kinds of sign changes (Fig.
6).

In the last part of the study we considered the depen-
dence of the switching process on the amplitude of the
applied field. The measurements were performed at the
field frequency of 10 Hz. The results observed at
different experimental geometries are very similar. We
present the results obtained at a=14°. Figure 7 shows
the temporal dependence of P,, at several field ampli-
tudes starting from the amplitude of 357 V/cm, which
corresponds to the field just above the critical field E_, to
1714 V/cm. The asymmetric behavior of P,, with
respect to the field sign change arises because at a=14°
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FIG. 5. The dependence of the delay time 7 of the transient
SHG peak on the incident angle a of the fundamental beam for
the case of + to — sign change (squares) and for the case of —
to + sign change (circles).

3769

o (deg)

FIG. 6. The dependence of the height P,,, ., of the transient
SHG peak on the incident angle a of the fundamental beam.
The squares denote the data corresponding to the + to — sign
change and the circles denote the data corresponding to the —
to + sign change.

the direction of the optical beam in the sample is asym-
metric with respect to the two equilibrium orientations of
the director on the tilt cone.

The increase of the applied field amplitude decreases
the delay time of the transient SHG peaks. This relation
is depicted in Fig. 8, which shows the dependence of the
inverse delay time 1/7 on the field amplitude for both
kinds of sign changes. The delay time of the peak follow-
ing the + to — sign change decreases inversely propor-
tionally to the field, while the behavior of the delay time
of the peak following the — to + sign change is more
complicated.
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FIG. 7. Temporal dependence of the SHG at different ampli-
tudes of the square wave form field measured at a=14°. The
temporal dependence of the field is marked in the bottom of the
figure.
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FIG. 8. The dependence of the inverse delay time 1/7 of the
transient SHG peak on the amplitude of the square wave form
field for the case of + to — sign change (squares) and for the
case of — to + sign change (circles). The solid line is the fit to
the linear dependence of Eq. (10).

IV. DISCUSSION

The variation of the PM direction with the frequency
of the modulating field is assumed to be the consequence
of the inequilibrium molecular configuration within the
cell. We conclude from the SHG response at the frequen-
cy of 0.05 Hz that the full 180° reorientation of the
molecular director between its two equilibrium positions
on the tilt cone takes around 5 s. If the field changes its
sign in time intervals shorter than 5 s the director never
reaches the equilibrium states, but is rather flipping be-
tween the two limiting intermediate positions on the tilt
cone. The orientation of the material optical axes and
the related PM directions shift in accordance with these
intermediate states. The intermediate states explain also
the phenomenon of the transient SHG peaks. The tran-
sient peaks appear due to the transient realization of the
PM condition along the actual direction of the optical
beams, which is related to the certain director position
established for a short time during the reorientation.

The direction and the polarization of the transient
SHG peaks are very different from what is expected for
the uniform director reorientation, that is, when the
director in the whole cell moves uniformly on one side of
the tilt cone [26]. The discrepancy in the direction is evi-
dent from Fig. 9, which shows the calculated dependence
of the ee-o PM direction apy, on the phase angle ¢ of the
director on the tilt cone. In this calculation the SCE9
was assumed to be a homogeneous uniaxial material with
the principal refractive indices n,(w)=1.52, n,(®)=1.69
at the fundamental frequency and n,(20w)=n,(w)+0.011
at the second-harmonic frequency [25,27]. The value
@=0° corresponds to the equilibrium director orientation
in the positive dc field and the value ¢ =180° corresponds
to the equilibrium director orientation in the negative dc
field. During the negative field intervals at high modula-
tion frequencies the director attains a maximum value of
@ < 180°, so according to Fig. 9 the apy corresponding to
the possible intermediate director orientations should
shift from a= —2.5° to some values a < —2.5°. The PM
could even altogether disappear if the director stays
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FIG. 9. The dependence of the phase matching direction apy
on the phase angle @ of the director on the tilt cone in the mod-
el in which the molecules uniformly rotate on the tilt cone over
the whole illuminated sample region.

within the gap from ¢=65°<~115°. This is opposite to
the situation observed in the experiments, where for the
fast modulation the PM direction apy during the nega-
tive field intervals shifts from negative to positive values
(Fig. 3). The other discrepancy with respect to the uni-
form reorientation is the polarization of the transient
SHG peaks. In the case of the uniform reorientation the
polarization of the phase matched second-harmonic light,
which corresponds to the ordinary optical beam, should
vary with @ so that it would be always perpendicular to
the actual director orientation. In contrast to this the po-
larization of the second-harmonic light in our experi-
ments was parallel to the y axis all the time. All these
features suggest that some more complex nonuniform re-
orientation model has to be considered to explain the ex-
perimental results.

We propose a model in which reorientation takes place
within numerous small domains. In this model the direc-
tor in each domain moves on either side of the tilt cone
(Fig. 10). The two kinds of domains are denoted as n';
and n_ domains. The observed material properties, such
as no significant increase in the scattering of the funda-
mental beam or a very nice angular PM profile detected
even during the fast modulation, show that the average
size of the domains is considerably smaller than the opti-
cal wavelength A. This means that despite the domains
the FLC material remains homogeneous from the optical
point of view. The light beam is affected by an average
system with the C, symmetry along the y axis and an
average director (n') changing with ¢ as shown in Fig.
10. The (1) is the projection of either i, or A_ on the
xz plane. An apparent tilt angle ¢ of the system, that is
the angle between (i) and the z axis, varies with @ as

J=arctan(tan6 cosg) . (D

As the angle between the PM direction apy and the (@)
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switching.

is quite constant, the apy shifts in accordance with the
changing ().

The relation between the phase angle ¢ of the mole-
cules on the tilt cone and the PM direction apy, is calcu-
lated from the average material refractive index and its
J

(@)
in2w

[n1(@)]—[n;(20)]

known color dispersion. Assuming that the two kinds of
domains are present in equal proportions the average re-
fractive index of the structure is obtained from the spa-
tially averaged dielectric tensor:

(e)=¢ 1+ 1le (W @0, +0_®0_), 2)

were €, is the dielectric constant in the direction perpen-
dicular to the long molecular axis, €,=¢,—¢, is the
dielectric anisotropy at the optical frequencies, and

0 =(sinf cosp, —sinf sing,cosh) ,
(3)
n_ =(sin0 cosg,sinf sing, cosO)

are the intermediate orientations of the director on the
tilt cone within the two kinds of domains. The average
material structure is optically biaxial with the optical
axes in the xz plane. The average principal refractive in-
dices are

n 1 = \/?1 ’
n,= \/e” —g,sin’sin’p , (4)

n;=1"¢,+¢,sin *0sin’p .

The relation between ¢ and apy,, for the fundamental op-
tical beam with the wave vector and polarization in the
xz plane and the second-harmonic beam with polariza-
tion along the y axis, is

appm{@)=arcsin [n 3(2w)sin lﬁ—arcsm (20)

where n,(w), n,(w), and n;(2w) denote the average prin-
cipal refractive indices at fundamental and at second-
harmonic  frequency.  Taking again [g,(w)]'?
=n,(0)=1.52, [g(0)]'*=n,(0)=1.69, and n,(20)
—n,(w) =0.011 [25], Eq. (5) results in the dependence
apm(@) shown in Fig. 11. As in Fig. 9 also in this figure
the values ¢=0° and ¢=180" correspond to the equilibri-
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FIG. 11. The dependence of the phase matching direction
apy on the phase angle @ of the director on the tilt cone in the
model of the reorientation within numerous small domains.
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um orientations of the director in the positive and in the
negative dc field, respectively. The calculated depen-
dence is in good agreement with the experimental results.
For ¢=180° the apy is —2.5°. The apy, increases with
decreasing @ and at ¢=164° changes from negative to
positive values. The value apy= +4° corresponds to the
intermediate director reorientation with ¢=153°. This
orientation results in the PM profile determined at the
end of the negative field intervals during the 10 Hz modu-
lation. In the square wave form field with the frequency
of 10 Hz the director is therefore flipping as
@=27°-153°. The transient SHG peaks are related to
some values of @ between these limits. Our model ex-
plains also why the polarization of the phase matched
second-harmonic beam remains constant all the time dur-
ing the switching. That is because in the system of
numerous small domains the y axis coincides with one of
the principal axes of (&) [eigenvalue n;(2w)] for all the
values of .

The analysis of the transient PM data on the basis of
relation (5) provides information on the dynamics of the
switching process, that is, it gives the temporal depen-
dence @(t). This dependence is obtained from the delay
time data shown in Fig. 5 and is presented in Fig. 12.
The axes are oriented so that the time ¢ necessary for the
molecules to reach different phase angles @ on the tilt
cone is shown. The value t=0 corresponds to the mo-
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FIG. 12. The time ¢ necessary for the director (either n'; or
n_) to reach different phase angles @ on the tilt cone.

ment when the field sign is changed The values of ¢ for
90° <@ < 180° were calculated by direct comparison of
7(a) data corresponding to the + to — sign change with
the dependence apy(@) shown in Fig. 11. The values for
0° <@ <90° were calculated from 7(a) corresponding to
the — to + sign change by replacing ¢ with (180°—¢) on
the graph in Fig. 11. By this procedure the two sets of
experimental data were joined together into one diagram.

When the square wave form field with the frequency of
10 Hz is applied to the cell the director reorientation pro-
cess starts at the initial phase angle ¢ =27°. The reorien-
tation is then quite fast (ms time scale) until the phase an-
gle p=140° is realized. At this value of @ a significant
slowing down of the reorientation starts. In 50 ms (the
end of the half of the square wave form field period) the
position @=153° is reached. The field sign is then
changed back to the previous value (¢—180°-¢) and the
complete reorientation process starts again. If the field
periods are longer, the reorientation slowly proceeds to-
ward ¢@=180°. This slow approach to the equilibrium
orientation is observed in the field with the frequency of
0.05 Hz. At present there is no theory to describe the ob-
served dynamical behavior. By comparing our results
with the simplest uniform switching model one notices
that the general shape of ¢ (@) is quite similar to the case
of uniform switching, but the interval of slow dynamics
around @=180° is extended from a few degrees to a few
tens of degrees [26].

The analysis of the height P, .., of the transient SHG
peaks (Fig. 6) gives the relation between ¢ and the abso-
lute value of the effective nonlinear optical susceptibility
X3 o (Pyy, max)'/? of the material. This relation is
presented in Fig. 13. The |x'%)| depends on |¢—90°| and
goes to zero for ¢=90°. The quantitative dependence is
again analyzed within the model of numerous small
domains.

The nonlinear optical susceptibility of the domain
structure is determined by the spatial average of the ten-
sor of nonlinear optical susceptibility y>'. This is

=P+, (6)

where x'? and x'?) denote the tensors of nonlinear optical
susceptibility within the n', and within the n_ domains,
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FIG. 13. The absolute value of the effective nonlinear optical
susceptibility |¥\%| of the multidomain structure as a function of
the phase angle @ of the molecules on the tilt cone. The solid
line is the fit of Eq. (9).

respectively. Due to the C, symmetry of the average ma-
terial structure only four of the ten independent com-
ponents of the (x'?) differ from zero. These are {¥,;, ),
(Xxxy?» {Xzzy )» and (x,,, ). The components {y,; ) are
calculated by considering the explicit values of the non-
linear optical susceptibility of SCE9. In this FLC two of
the susceptibility components strongly predominate. In
the local coordinate system with Z||n and Y||P, (where P,
denotes the spontaneous polarization in the Sm-C*
phase) these are Y,y and Xyyy [25]. By taking only
these two components into account for the calculations
the following relations result:

< szy > = %XzzySinze COSZ(p y

( X xxy ) =X YYYSin2¢ Cosp — XZZYCOSZO 00534) s

' %)
<Xzz_v )= "’XzzySinze cosQ ,
(Xypy ) = — X yyycos’@—3X zycos*0 sin’p cose .

In our experimental geometry we measure an effective
nonlinear optical susceptibility y'% which is related to
(e s

Xeit = Xy 2€08°B+ (X, Isin’B— (X, Isin2B ,  (8)

where B=arcsin[sina/n;(2w)] is the angle between the
optical beams and the z axis inside the cell (see also Fig.
1). By bearing in mind the facts that (Y zzy /Xyyy)=2.7
for the SCE9 and that < 18° in all our experiments we
finally look for the leading terms in Eq. (8), which are
[X\&(@)| < cosp+cos’p(2.7 cos?d—1) . 9
The fit of the experimental data to relation (9) is
presented as the solid line in Fig. 13. The argeement be-
tween the model and the experiment is very good. The
main feature of the figure, the decrease of the |x'%| when
@ is approaching 90°, can also be qualitatively explained.
At @=90° the apparent tilt angle { of the molecules goes
to zero and the symmetry is increased to y||D,. In this
symmetry only the (Y,,,) component can be different
from zero, while all the others vanish. For this reason



50 OPTICAL SECOND-HARMONIC GENERATION DURING ...

the SHG signal drastically decreases. At ¢ =90° the non-
linear optical properties of the domain FLC structure be-
come similar to that of the antiferroelectric Sm-C % phase
[28].

The dependence of the delay time 7 of the transient
SHG peaks on the amplitude of the applied field was
studied at the incident angle a of 14°. In accordance with
our model the transient PM at a=14" corresponds to the
director reorientations ¢ =27°—>@=134.2° (+ to — sign
change) and ¢=27"—@=45.8° (— to + sign change), re-
spectively. To get some more quantitative ideas about
the field effects on the reorientation dynamics in the
domain structure, we compare our results with the most
simple dynamic equation for the uniform switching

y(0¢/dt)=P E sing , (10)

where vy is the rotational viscosity of the material. In the
case of uniform switching the temporal dependence of ¢
scales as (y /P E) [26]. In accordance with the solution
t (@) of Eq. (10) we calculate the value for y correspond-
ing to our measurements. The fit, which is presented as a
solid line in Fig. 8, gives the value y of 0.14 Pas. The
manufacturer of SCE9 (British Drug House Ltd.)
specifies the viscosity of 0.40 Pas. The difference be-
tween these two values may be understood as a measure
of the discrepancy between the actual reorientation pro-
cess and the uniform switching model.
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V. CONCLUSION

Our measurements show that the reorientation of a
thick homeotropic cell of FLC in transverse electric field
proceeds via numerous domains, which are considerably
smaller than the wavelength of visible light. The reorien-
tation process, which at the beginning progresses on a ms
time scale, becomes quite slow close to the equilibrium
states. This slow response makes homeotropic cells less
promising for applications for the SHG modulation as
was expected in the literature. We have demonstrated
that on the other hand a detailed study of the SHG is an
exceptionally good method to resolve the complex dy-
namics of the switching. This is because the efficient
phase matching geometry depends monotonically on the
orientation of the director within the cell.
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