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Polarization Measurement in Nematic Liquid
Crystal Based on the Pyroelectric Response to
Laser Irradiation

H. OHOKA? M. OZAKI?, L.M. BLINOV®, M.I. BARNIK®,
N.M. SHTYKOV?® and K. YOSHINO?#

2Department of Electronic Engineering, Graduate School of Engineering, Osaka
University, 2-1 Yamada-Oka, Suita, Osaka 565-0871, Japan and Oinstitute of
Crystallography, Russian Academy of Sciences, 117333, Leninsky prosp. 59,
Moscow, Russia

The polarization measurement of a nematic liquid crystal has been performed by a pyroelec-
tric technique using short pulse of a Nd: YAG laser to create temperature increment. The tem-
perature increment has been evaluated independently by monitoring temperature dependent
birefringence for a He-Ne laser beam. The sign and absolute magnitude of surface polariza-
tion have been evaluated for both the planar and homeotropic orientation of the nematic lig-
uid crystal at a solid substrate. The flexoelectric polarization in a hybrid cells has also been
measured using the same pyroelectric technique. The value of the sum of the flexoelectric
coefficients (e;+e3) for SCB is negative and about —13pC/m at room temperature.
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INTRODUCTION

The nematic liquid crystal has no macroscopic polarization because of the absence
of a polar axis. However, the symmetry breaking at the interface such as with
solid substrate can cause the surface polarization [1-3]. On the other hand,
macroscopic polarization may also be induced even in the bulk of the nematic
liquid crystal by a splay or bend distortions, which is so called a flexoelectric
polarization. In a hybrid aligned cell, flexoelectric polarization is conspicuous
which is planar at one and homeotropic at opposite interface. In the hybrid cell,
polarization contains three contributions, one from the bulk and the others from
the planar and hometropic interfaces, respectively.

Althogh a lot of studies on the surface and flexoelectric polarizations
have been carried out for many years, the quantitative data are very scarce and
depend on methods of measurement [4,5]. The signs of polarization also have
never been measured. It is difficult to separate the contributions to the
macroscopic polarization from the surfaces and the bulk.

The pyroelectric technique has been used for investigation of crystalline
ferroclectrics [6]. The advantage of the pyroelectric technique is a possibility to
determine the sign and absolute value of the macroscopic polarization without
application of an external field. Therefore, the response has no influence caused
by the screening of the external field. Especially, the pyroelectric technique using
short pulse irradiation has a high sensitivity for investigation of a spatial
distribution of the polarization along the polar axis. It makes possible to separate
the contributions to the macroscopic polarization from the surfaces and the bulk.
It i1s also useful technique for investigation of the surface polarization in the
nematic liquid crystal.

In this study, we evaluate the sign, the absolute magnitude and the
temperature dependence of the surface and flexoelectric polarizations in a nematic
liquid crystal 5CB (4-pentyl-4’-cyanobiphenyl) using pyroelectric technique with
a short pulse laser. The sign, absolute values and temperature dependence of the
surface and flexoelectric polarization was manifested for both planar and
homeotropic orientations. The flexoelectric polarization was investigated using

hybrid alignd cell.
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EXPELIMENT

In ferroelectrics, pyroelectric coefficient is defined as y,=dPyg/dT where Ps is
spontaneous polarization 7 is temperature. In a more general case, instead of the
spontaneous polarization, we may consider any macroscopic polarization P* and

introduce a macroscopic pyroelectric coefficient
y=dP*/dT.

Integrating the pyroelectric coefficient starting from a certain temperature T
further above the N-I transition, we can calculate the temperature dependence of
P* in the nematic phase and know contribution only from nematic ordering.

T
P*(T)= [y(MaT

T

In order to measure 7) we have to change temperature of a nematic
layer by a small amount A7 in the area A4, and record a pyroelectric response V),
across the load resistor R, shunted by capacitance C. Illuminating by a short laser
pulse, the pyroelectric response reach AyA7/C and decay with a R.C time
constant.

AAT t
v, = A8 x| -
»=7C ex’{ RLCJ

In the experiments we used sandwich cells consisting of two parallel
glass plates covered with ITO conductive layers and separated from each other by
teflon spacers. The front and rear ITO electrodes are different in its absorption at
infrared light. For the measurements of 37} in the surface layer (front interface), a
strong gradient of temperature increment A7(z) along the cell normal has to be
provided in order to isolate the contribution from the opposite side (rear interface).
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Those temperature increment has accomplished differently for pure 5CB and 5CB
doped with 1wt% dye, respectively.

In the first case, we used two kinds of 1TO electrodes which have
considerably different absorption for the laser beam of wavelength A=1064nm. In
the second case, we illuminated by the laser beam of wavelength A=532nm and
the absorption of light by the dye induced gradient of temperature toward the butk
of cells.

We prepared a pair of planar, homeotropic and hybnid cells with
thickness 53um infiltrated pure and dye doped SCB. For the planar orientation
polyimide layer was spun on two glass substrates and rubbed unidirectionally,
while for the homeotropic orientation ITO surfaces were cleaned carefully. In the
hybrid cell, both planar and homeoropic orientations were combined. For
simplicity, we call these cells PP(planar), HH(homeotropic) and HP(hybrid) cells,
and add capital D for 5CB doped with dye.

The absorption of the front and rear ITO electrodes for the light of
wavelength at 1=1064nm were 24% and 9% and less than 1% for A=532nm in all
cells. The method of the measurement of surface and flexoclectric polarization is
as follows.

In the case of surface polarization, it is difficult to measure temperature
increment at surface layer due to light absorption of ITO electrodes, so that we
adopted following method. At first, we illuminated HHD and PPD cells by the
light at A=532nm. From these results we could calculate temperature increment
ATy at surface layer and then y(7). Next we illuminated the same cells by the light
at A=1064nm and compared with former results. Since there is no absorption in
the bulk for infrared region, we can find temperature increment at surface layer
for A=1064nm in this way. At last, illuminating HH and PP cells at A=1064nm, we
could find surface polarization at pure SCB and solid substrate interface.

In the case of flexoelectric polanzation, HPD cell was used but it has
two contributions which come from surface and flexoelectric polarizations as
mentioned above. For the purpose of distinguishing the flesxoelectric contribution
from surface polanzation, PPD cell was also used. We illuminated the side of
planar interface by the laser hight at A=532nm because the contribution of the
planar interface was weaker than that of the homeotropic interface. After

subtracting the contribution of the planar-solid substrate interface (the response of
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PPD) from the whole pyroclectric response, we can evaluate the contribution from
the bulk, that is, flexoelectric polarization.

For the surface and flexoelectric polarization measurements, we have to
find the absolute magnitude of A7, at the front interface and average value of
<AT> over the cell thickness d. This has been done as follows. At first, <A7> has
been measured by monitoring laser induced birefringence at wavelength
A=632.8nm of the same cell and in the same geometry as used for pyroelectric
measurements. Figure.l shows the geometry of this “optical thermometer”
technique. Next, in case of bulk absorption, we calculate 47, from the <A47T>
value measured and known profile of the absorption A7(z)=ATpexp(-Dz/d), where
D is optical density of a cell.

He-Ne
| Analyzer
YAG laser
——— Polarizer
Photodiode

FIGURE.]  The geometry of “‘optical thermometer”
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We used He-Ne laser polarized at 45° to the horizontal plane, an
analyzer crossed with the laser beam (-45°) and a photodiode providing time
resolution of 1ps. Transmitted light intensity detected by a photodiode oscillates
with temperature.

1, =1,sin*(AD/2)
AD=Qmd/ Ay <n >

The intensity is measured as a d.c. component of the photodiode current.
Temperature increment by a pulse of YAG laser is detected as this oscillating
curve and a pulse current equal to differential 47=(dl,;/dT)<AT> is measured as
an a.c. component of the same photodiode. Therefore comparing d.c. component
with a.c. component, we found temperature increment A7.

RESULTS AND DISCUSSION

Figure.2 shows the temperature dependence of the pyroelectric response of HHD
and PPD cells. In the isotropic phase, the response is already seen but we are
interested in the response from nematic ordering, so we subtract this contribution.
From these results it should be noted that the sign of the polarization Ps is
different for the planar and homeotropic alignments.

In order to consider the absolute sign of Ps, let me explain the
relationship between signs of Ps and pyroelectric response using the scheme
shown in Fig.3. In Fig.3, the sign of Ps is defined as positive when it points from a
substrate to a liquid crystal along z axis. Assuming that at the ground electrode,
for example, Ps points to the left (Ps<0) as shown in the figure, negative image
charge should be collected at the grounded electrode (A). On illuminating the
grounded electrode (A) by laser light to heat up, the absolute value of Ps
decreases as the polar order decreases, and the negative image charge on the
grounded electrode i1s released. As a resuit, the current flows from the ground
through the liquid crystal to a register R ;, and the positive voltage appears across
R;.
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Consequently, the positive pyroelectric response corresponds to the
negative Ps which points from the liquid crystal to the substrate. According to the
results shown in Fig.2, surface polarization directs from lquid crystal to solid
substrate in case of homeotropic, and opposite in planar case.

The absolute values of surface polarizations for both orientations are
shown in Fig.4(a),(b).

The effect of the cell thickness on the pyroelectric response in a
dye-dope planar cell has been investigated. The same measurement was carried
out at wavelength 2=532nm of PPD cell with varying its thickness. The condition
of the cell was almost same except for polyimide layer for planar alignment.
These results are shown in Fig.5. Comparing S0um-thick cell having a different
polyimide with above result, pyroelectric response of planar orientation seems to
have no serious relation with the type of polyimide. In additon, the response in
70um and 100um cells were not so much different from that in 50um cell. It
confirms that the cell thickness 50um were large cnough 1o provide a complete
absorption of light at A=532nm.

Surface Polarization{pC/m]

26 28 30 32 34 36 38 40
Temperature (°C)

FIGURE 4 (a) Temperature dependence of surface
polarization in both HHD and PPD cells.
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In order to evaluate the flexoelectric polarization, HPD cell was
illuminated by laser light from the planar side of the cell. The pyroelectric
response of HPD cell is shown in Fig.6. As mentioned above the response from
the hybrid cell has two contributions. One is from the bulk, that is flexoelectric
polarization, and the other is from interface. Therefore to know flexoelectric
polarization we have to subtract the contribution of interface from the total
response. The result of calculated flexoelectric coefficient is shown in Fig.7. The

direction of flexoelectric polarization is from homeotropic to planar interfaces.

CONCLUSION

In conclusion, we developed a novel technique for measurements of the absolute
sign and magnitude of the surface polarization. This technique combined
measurements of the laser induced pyroelectric response with monitoring
temperature increment. The directions of surface polarizations were different for
the planar and homeotropic alignments, from liquid crystal to solid substrate in
homeotropic surface. Flexoelectric polarization pointed from homeotropic to
planar interfaces.
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