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A TECHNIQUE FOR LOCAL MEASURING THE PYROELECTRIC
COEFFICIENT

Blinov L.M,, Beresnev L.A,, Radzhabov D,Z.,
Yakovenko S,S.

Inatitute of Crystallography, USSR Acad.Sci,,
Moscow, U,S,5.R.

Abstrect The technique described in the paper is
a version ot the well known Chynoweth

method for the dynamic measurements of the pyro-

electric coefficient. It is based on the detect-

ion ot the repolarization current caused by heat

pulses applied to a sample.
1e OPTICAL EQUIPMENT
A single-mode He-Ne lager (wavelength A = 632,8 nm,
power P = 8 mW ) was used as a source of heat pulses.,
Mechanical choppers, provided two modulation frequen-
cies, 201 and 905 Hz. When investigating liquid crystals
(LC) transparent in the vigible spectral range, an anth-
raquinone dye dissolved in LC was used as an absorber
of radiation., The absorption maximum of the dye is
near 594 nm, The concentration of the dye was less
than 3% wt to provide the optical density of the order
of 1 for samples of any thickness, A laser operating in
the continious regime in the visible range allows the
local measuring the pyroelectric responge to be car-
ried out. An optical acheme of the set-up is shown in
Fig.1. A laser (1) beem is focused by a microscope (5)
onto a sample (13) placed in a thermostate (14). The
thermostate is located on an object table (15) of the mic~
roscope equipped with two microscrews with digital re-
cording of their displacement, The accuracy of the
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X,Y-gceles is Unm and the gi-~

ze of the focused lager spot 1 EI

at the sample is about 10Jvam. —@'@2' 2 [h 8 |
A glass cube (21) directs

a part of the beam to a photo- 5 19 {1014 11

-detector (4) for light inten~ "

sity control, The other pho~

to-detector (18) is placed 13

just under the thermostate to A\ \Y s

measure the transmitted light

intengity. In both cases sili- W 18 9]

con sun battery elements with | [ 20 H

preamplifiers (3,19) were used, PIGURE 1.

A polarizing microscope focusing the laser radiation
allowg the visual obgervation of textures of liquid crys-—
tals in situ, and the control of the position of a la-
ger gpot in the texture., A shield (2) is used for safe~
ty reagsons. The texture obgervations are performed in
transmission regime, A lamp (12) and movable mirror (17)
provide irradiation of a sample with white light,

A pre-amplifier (9), a selective amplifier (10) and
phase~gensitive detector (11) were used for detecting
the pyrovoltage, In the reference channel a light chop~
per (6), light emitting diode (7) and a photo-diode (8)
were installed, All sighals including that from a tem—
perature control circuit (16) were processed with a
computer (20),

2, A CELL AND A THERMOSTATE

4 1iquid crystal cell is a flat capillary formed with
two glaass plates covered with Sn02.
Wedge form cells were used when the thickness de-
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pendence of the

//’,__——x 075 pyro-electric
x voltage was to
be measured,
The wedge angle
— - 05 wag also measu-
red interfero-
metrically. As
usual, the angle
1025  gag 1073 rad,
\. 1% uniform
throughout a

gample, In or-
20X 0.2 0'.4 0:5 der to reduce

d-! um-! the electric
capacity of a
cell the top
electrode was made in the form of strip 300-609fm wide,
The very edge of the wedge was not covered with coating

Bgrad

FIGURE 2.

to avoid shortages.

The homogeneous orientation of liquid crystals was
achieved by rubbing a layer of polyvinylketal after its
polymerization, The homeotropic orientation was provi-
ded by layers of chromium distearylchloride,

A thermostate included a copper block with a heater
and tubular channels for cooling samples with nitrogen
vapour from Dewar vesgel, Two identical sample holders
were used, one with a real gample and the other with a
model sample for temperature control. The temperature
gradient between the two holders did not exceed 0,1°C
for the rate of the temperature change less than 0,5
grad/min, The accuracy of the absolute and relative
temperature measurements was 0.1 and 0,05°C, regpectively.
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3. THE MEASUREMENT OF A
PYRO-RES PONSE

3t We need a relationship bet-~
ween the pyroelectric vol-
tage induced across cell
2_\ electrodea by a modulated
light beam and the pyroelect-~
\ ric coefficient of matter,

In our case light is absor-
‘\ bed in & thin layer of 1li-
— e quid crystal (less than 10/um)
due to the dye disgsolved,
0.5 1 15 The absorbed thermal energy
84.rad goes out of a ligquid crys-
FIGURE 3. tal into adjacent thick
glass plates., The thermal
properties of liquid crystels and glasseg are approxi-
mately the same, It may be proved by the calculation
of the thermal diffusion coefficient Dy = 2 K/cp where
P,K, ¢ are density, thermal conductlvity and heat
cagaci:;y of subgtance (Dp = 12,04 - 10~% and 17.9 . 1074
ecm“+S8~' for glass and benzene, respectively). We use
sine-modulated irradiation, thus for the abgorbed heat
we have

Q(t) = Q (1 -~ coswt), )

where angular frequency is usually equal to W= 1256 S-1.

For this frequency a characteristic length of heat dif-
fusion in glass is Ly = D.I/w ¥12pmand it has to ex-
ceed a half of +the thickness of the layer in the case
of the non-uniform distribution of the pyro-electric
coefficient across cell thicknesa, For thin absorbing
layers we can usge a solution of the set of equations
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which describes a resgponge of the pyro-electric layer
being in contact with thick glass substrate1. The pre-
sence of the gecond substrate is accounted for by a
factor 1/2 for the increase in temperature and, as a
result, for the pyroelectric voltage:

Dy conwe (2)
(M) T[T e pCToT 5 Tng o7

Here Ro and (}° are resistance and capacity of the input
circuit of a pre-~amplifier, the impedance of a cell
being included, C is capacity of a cell kept in formu-
la (2) in explicit way to account for the change in
thickness of the wedge-form cells,

We neglect the in-plane heat diffusion. Special
testg with a defocused laser heam have ghown an inde-
pendence of the signal of the geometry of a apot, thus
one can use uni-dimensional model for calculation of
the temperature increase,

.In our case the temperature and thickness depen-
dencies of pyro-voltage was measured which were norma-
lized to the intensity of the absorbed light measured
independently, The condition wW>»> 1/ROCo is fulfilled
as Ro = 100 MS2 and Co = 100 pPF, As a result we have a
very simple formula for the calculation of the thick-
ness dependence of the pyroelectric coefficient

]—‘—‘“‘ U (T,d)

After integrating over temperature, according to
we have the macroscopic polarization

U (T,d)aT
<{Bp>(7,3) = 2¢ Vchw- f 0 . (4

Q (d)

2
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The absolute calibration of the polarization may be
carried out using samples of a well known ferroelectric
liquid crystal,

All the signals from the set-up (pyro-response, in=-
tensities of coming and transmitted light, voltage fram
a thermocouple and x,y positions of the laser spot) we-
re processed by a minicomputer "Igkra 226",

4, THE FLEXO-POLARIZATION OF A NEMATIC HYBRID CELL

The technique described waas applied to the meapurements
of the flexoelectric polarization in a hybrid cell fil-
led with nematic 4-pentyl-4'-cyanobiphenyl (5CB). Fram
thege data the angular dependence of the anchoring ener-
gy was determined for the nematic director at the ho-
meotropic boundary of the ocell, For this purpose the
temperature dependencies of the pyrocoefficient were
measured in the wedge-form cell, Fig.2 shows the flexo-
-polarization at 27°C as a function of cell thickness
(d) calculated from temperature behaviour of the pyro-
-gignal, As it was expected2 in thick layers (d > 6 )
the polarization is proportlonal to d” -1 and the devia-
tion of the curve Ps(d 1) for thin cells is accounted
for by the change of the anchoring angle for the direc-
tor at the homeotropic boundary, The anchoring angle
for the director at the homegeneous interface is assu-
med to be fixed for higher anchoring energy (whg 1
erg cm -2 ) Using formula

PoC __25%%£§fl_ (5)

and results of the paper5 one can calculate the change
in the director angle, Fig.2, and the angular dependence
of the anchoring energy for the homeotropic interface

(wht)’ Fig.3.
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5. SPATIAL DISTRIBUTION
OF THE PYROELECTRIC
RESPONSE OVER A DO~
MAIN STRUCTURE OF A
SMECTIC C*

We have meagured the lo-
cal pyro-regponse of a
domain texture of a fer—
roelectric smectic C*
liquid crystal (a mix-
ture of pyrimidines with
a chiral additive), The
amount of the additive
was small enough to have

FIGURE 4, a large pitch of the he-
1ix (of the order of 100psm), The same anthraquinone dye
(0.5%) was dissolved in the mixture., The substance had
the following sequence of phase transitions

1290 op 58°C, , 66°C, 1

The pyro-response was measured for a sample of 100mm
thickness as a function of a lager spot position, The
experimental results are shown in Fig.4. In the same
figure a gketch of the zero~field domain strips is shown
which corresponds to the gample area studied, When apply-
ing the external d.c, field to the sample all the pic-
ture is shifted up or down as a function of the field
polarity. The amplitude of the spatial dependence of
the pyro-response glightly decreases with a field,
however the position of the peaks as well as domain
strips on a photograph is independent of voltage, The
obgerved pattern disappear simultaneously with domain

Cryst <
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gtrips at the +threshold voltage about 50 V,
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