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A TECHNIQUE FOR LOCAL MEXSURING THE PYROELECTRIC 
C OEPFIC IEmT 

Blinov L.M., Beresnev L.A. Radzhabov D.Z. , 
Yakovenko S.S. 
l n s t i t u t e  of Crystallography, USSR Acad.Sci, 
MOSCOW, U.S.S.R. 

A b s t w c t  The t e c h n i q u e  d e s c r i b e d  i n  t h e  p c p e r  i s  

method f o r  t h e  dynamic measuren!ents of t h e  yyro- 
e l e c t r i c  c o e f j ’ i c i e n t .  It  i s  based on t h e  d e t e c t -  
i o n  of’ t h e  r e p o l a r i z a t i o n  c u r r e n t  caused  by h e a t  
p u l s e s  a p p l i e d  t o  a sample.  

a v e r s i o n  01 t h e  w e l l  known Chynoweth 

1. Oi T l C A L  EOUIPLICNT’ 

A eingle-mode He-Ne laerer (wavelength A = 632.8 nm, 
power P = 8 mw ) was used as a a m e  of heat pulsee. 
Mechanicel ohoppars, provided two modulation frequen- 
ciea, 201 and 905 Ha, When i n v e s t i g a t i n g  l i q u i d  crgetals 
(LG) transparent in the v i s i b l e  spectral  range, an anth- 
raqulnone dye dissolved in LC was used as an abeorber 
of radiatiun. The absorption m a x i m u m  of t h e  dye is  
n e a r  594 nm. The concentration of the dye was less  
than 3% wt t o  provide the o p t i c a l  d e n s i t y  of the order 
of 1 for samples of any thiclmess. A laser operating in 
t h e  cont intous regime in the  v i s i b l e  range allows the 
l o c a l  measuring the pyroe lec t r ic  response t o  be car-  
r i e d  out. A n  o p t i o a l  scheme of t h e  set-up is  ahown in 
Fig .1 .  A l a s e r  (1 )  besa IS focused by a microscope (5) 
onto a sample (13) placed i n  a t h e m o s t a t e  (14).  The 
thermostate i s  located on an object table  (15) of t h e  mic- 
roscope equipped w i t h  two microscrews w i t h  d ig i ta l  re- 
cording of t h e i r  displaoement. The acouracy of t h e  
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364 L. M. BLINOV ET AL. 

X,Y-scales i s  1 y m  and the 8i- 

ze of the focused l a s e r  spot 
a t  the sample i s  about l O p m .  

A g l a s s  cube (21)  d i r e c t s  
a par t  of t h e  beam t o  a photo- 
-detector (4) f o r  light inten- 
s i t y  control.  The other pho- 
to-detector (18)  i s  placed 
j u s t  under the thennostate t o  
measure the  t ransmit ted l i g h t  
in tens i ty .  I n  both cases  sili- 
con sun bat te ry  elements with 
preamplif iers  ( 3,191 were used. 

A polar iz ing microscope focusing t h e  laser r a d i a t i o n  
allows the v i s u a l  observstion of t e x t u r e s  of l i q u i d  crys- 
t a l s  i n  s i t u ,  and the  cont ro l  of t h e  p o s i t i o n  of a la- 
s e r  spot i n  the texture .  A sh ie ld  ( 2 )  i s  used f o r  safe- 
t y  reasons. The t e x t u r e  observations a r e  perfonned i n  
transmission regime. A lamp (12 )  and movable mirror  (17) 
provide i r r a d i a t i o n  of a sample with white l igh t .  

A pre-amplifier ( 9 1 ,  a s e l e c t i v e  a m p l i f i e r  ( l o )  and 
phase-sensitive de tec t  o r  ( 11 
the  pyrovoltage. I n  the  reference channel a l i g h t  chop- 
per  ( 6 ) ,  l i g h t  emit t ing diode ( 7 )  and a photo-diode (8)  
were ins ta l led .  A l l  s igha ls  including t h a t  from a tern- 
perature  cont ro l  c i r c u i t  ( 16)  were processed with a 
computer (20). 

were used f o r  de tec t ing  

2. A CELL AND A THERMWTATE 

A l i q u i d  c r y s t a l  c e l l  is a f l a t  c a p i l l a r y  fonned with 
two g l a s s  p l a t e s  covered with Sn02. 

Wedge form c e l l s  were used when the  thickness  de- D
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MEASURING THE PYROELECTRIC COEFFICIENT 3 65 

FIGURE 2. 

pendence of t h e  
pyro-electr ic  
voltage w a s  t o  
be measured. 
The wedge angle 
was a l s o  measu- 
red  in te r fe ro-  
metr ical ly .  As 
usual ,  t h e  angle 
w a s  Fad, 
1% uniform 
throughout a 
sample. In 01c 
d e r  t o  reduce 
t h e  e l e c t r i c  
capaci ty  of a 
c e l l  t h e  top  

e lec t rode  w a s  made i n  the  form of s t r i p  300-600fm wide. 
The very edge of the wedge w a s  not covered with coa t ing  
t o  avoid shortages. 

The homogeneous or ien ta t ion  of l i q u i d  crystals was 
achieved by rubbing a l a y e r  of polyvlnylketal  a f t e r  i t s  
polymerization. The homeotropic or ien ta t ion ,  w a s  provi- 
ded by l a y e r s  of ohromiwn d is teary lch lor ide .  

and t u b u l a r  channels f o r  cool ing samples with n i t rogen  
vapour f r m  Dewar veseel. Two h i e n t i c a l  sample holders: 
were used, one with a r e a l  sample and t h e  other  w i t h  a 
model sample f o r  temperature control.  The temperature 
gradient  between t h e  two holders  d i d  not  exceed 0.1"C 
f o r  t h e  r a t e  of the  temperature change l e s s  than 0.5 
grad/min. The accuracy of t h e  absolute and r e l a t i v e  
temperature measurements w a s  0.1 and O.O5'C, respect ively.  

A thermostate included a copper block with a h e a t e r  
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Bd,rad 

FIGURE 3. 

3. THE MEASUREMENT OF A 
PYRO-RESPONSE 

We need a relat ianship bet- 
ween the pyroe lec t r ic  vol- 
t age  induced across  c e l l  
e lec t rodes  by a modulated 
light beam and the pyroelect- 
r i c  c o e f f i c i e n t  of matter. 
I n  our case l ight i s  a b s o r  
bed in a th in  l a y e r  of li- 
quid c r y s t a l  ( l e s s  than lo,,) 
due t o  the  dye dissolved. 
The absorbed thermal energy 
goes out of a l i q u i d  crys- 
t a l  i n t o  adjacent t h i c k  
glass p la tes .  The thermal 

proper t ies  of l i q u i d  c r y s t a l s  and glasses are approxi- 
mately the  same. It may be proved by t h e  ca lcu la t ion  
of the  thermal d i f fus ion  c o e f f i c i e n t  DT = 2 w c p  where 
g , K ,  c a re  density,  thermal conduct ivi ty  and heat  
c a  a c i t y  of substance (DT = 12.04 . lom4 and 17.9 . 
cm *So’ f o r  glass and benzene, respect ively) .  We use 
sine-modulated i r r a d i a t i o n ,  thus  f o r  the absorbed heat 
we have 

where angular frequency is  usual ly  equal t o  d =  1256 S-’. 
For t h i s  frequency a c h a r a c t e r i s t i c  length  of heat d i f -  
fusion in glass is  ItT = \IDIJW2frn and it has t o  ex- 
ceed a half of the thickness  of the l aye r  i n  the case 
of t h e  non-uniform d i s t r i b u t i o n  of the pyro-electric 
c o e f f i c i e n t  across  c e l l  thickness. For t h i n  absorbing 
l a y e r s  we can use a so lu t ion  of t h e  s e t  of equations 

s 

Q(t)  = Q (1 - c o s w t ) ,  (1 1 
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MEASURING THE PYROELECTRIC COEFFICIENT 367 

which descr ibes  a response of the pyro-electric l a y e r  
being in contact with t h i c k  g l a s s  s u b s t r a t e  . The pre- 
sence of t h e  second s u b s t r a t e  is accounted f o r  by a 
f a c t o r  1/2 f o r  t h e  Increase i n  temperature and, as a 
r e s u l t ,  f o r  the  pyroe lec t r ic  voltage: 

1 

(2) - Qo<y) f'K cos W T - 
$? c-y 'c  W E  + (1/RoC0)= ' 

Here Ro and C o  a r e  res i s tance  and capaci ty  of t h e  input  
c i r c u i t  of a ppe-amplifier, the  impedance of a c e l l  
being included. C is  capaci ty  of a c e l l  kept in fomu- 
l a  ( 2 )  i n  e x p l i c i t  
thickness  of t h e  wedge-f o m  c e l l s .  

We neglect  the in-plane heat diffusion. Spec ia l  
t e s t s  with a defocused laser beam have shown an inde- 
pendence of t h e  s i g n a l  of t h e  geometry of a spot ,  t h u s  
one can use mi-dimensional model f o r  c a l c u l a t i o n  of 
t h e  temperature increase. 

I n  our case t h e  temperature and thickness  depen- 
dencies of pyro-voltage w a s  measured which were noma- 
l i z e d  t o  the  i n t e n s i t y  of the  absorbed l i g h t  measured 
independently. The condition LO>> l /RoCo is  f u l f i l l e d  
as Ro = 100 MR and C o  = 100 pP. A s  a r e s u l t  w e  have a 
very simple formula for t h e  c a l c u l a t i o n  of t h e  thick- 
ness  dependence of t h e  pyroe lec t r ic  c o e f f i c i e n t  

way t o  account for the  change i n  

After i n t e g r a t i n g  over temperature, according t o  2 

w e  have t h e  macroscopic polar iza t ion  
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368 L. M. BLMOV ET AL. 

The absolute ca l ib ra t ion  of 
car r ied  out using samples of a wel l  known f e r r o e l e c t r i c  
l i q u i d  cryetal .  

811 the s igna l s  f rm  the set-up (pyro-response, in- 
t e n s i t i e s  of coming and tranemitted light, voltage f r a n  
a thermocouple and x,y pos i t ions  of the l a s e r  spot )  we- 
r e  prooessed by a mlnicmputer nIekr8 226". 

t he  polar iza t ion  may be 

4. THE FLEXO-POLARIZATION OF A NEMATIC HYBRID CELL 
The technique desoribed wag applied t o  t h e  meaeurementer 
of the f lexoeleo t r ic  po lar iza t ion  in a hybrid c e l l  f i l -  
led w i t h  nematic Q-pentyl-4'-cyanobipheayl ( 5CB). Frau 
these  data the angular dependence of the anchoring enor- 
gy was determined f o r  the nematic d i r e c t o r  a t  the ho- 
mootropic boundary of the 0011, For t h i s  purpose the 
temperature dependencies of the pyroc oef f io i en t  were 
meaaured in t he  wedge-form ce l l .  Fig.2 shms the  flexo- 
-polar izat ion a t  27OC as a funct ion of o e l l  t h i c h e s s  
( d )  calculated fran temperature behaviaur of t he  pyro- 
-signal. As it was expected2 i n  thick l aye r s  ( d  > 6 p )  
the  polar iza t ion  is proportional t o  dnl and t he  devia- 
t i c m  of the curve Ps(dol) f o r  t h in  c e l l s  i s  accounted 
f o r  by the  change of t he  anchoring angle f o r  the  direc- 
t o r  a t  the  hmeotropic  boundary. The anchoring angle 
f o r  t he  d i r ec to r  at the  hmegeneous in t e r f ace  i s  assu- 
med t o  be f ixed f o r  higher anchoring energy (W 1 
erg  cm -* 4 hi3 

3 ) .  Using formula 

C O B  2 8  POC 
d ( 5 )  

and r e s u l t s  of t he  paper5 m e  can ca l cu la t e  t h e  change 
i n t h e  d i reo tor  angle, Fig.2, and t h e  angular dependence 
of t he  anchoring energy for the  homeotropic in t e r f ace  
(wht) , Fig.3. 
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MEASURING THE PYROELECTRIC COEFFICIENT 369 

FIGURE 4. 

5. SPATIAL DISTRIBUTION 
03 TKF: PYROELECTRIC 
RESPONSE OVER A DO- 
MAIN STRUCTURE OF A 
SMECTIC C* 

We have measured t h e  lo- 
c a l  pyro-response of a 
domain t ex tu re  of a f e r  
r o e l e c t r i c  smectic C* 
l i q u i d  crystal ( a  mix- 
t u r e  of pyrimidines with 
a c h i r a l  addi t ive) .  The 
amount of the  add i t ive  
w a s  small enough t o  have 
a l a rge  p i t c h  of the he- 

l i x  ( of the  order of 1 0 0 ~ m ) .  The same anthraquinone dye 
(0.5%) was dissolved in the  mixture. The substance had 
t h e  following sequence of phase t r a n s i t i o n s  

Cryst < 12oc, c* 58OC,  A 6 6 O C ,  1 ,  

The pyro-response was measured for  a sample of 100ym 
t h i c h e s s  as a function of a laser spot posit ion.  The 
experimental r e s u l t s  a r e  shown i n  Fig.4. I n  t h e  same 
f igu re  a sketch of t he  zero- f ie ld  domain s t r i p s  ia shown 
which corresponds t o  the  sample a rea  studied. When apply- 
ing  the  external  doc. f i e l d  t o  the sample a l l  t h e  pic- 
t u r e  i s  sh i f t ed  up o r  d m  as a function of t h e  f i e l d  
polar i ty .  The amplitude of t h e  s p a t i a l  dependence of 
t h e  pyro-response s l i g h t l y  decreases with a f i e l d ,  
however the  posi t ion of t h e  peaks as we l l  as domain 
s t r i p s  on a photograph i s  independent of voltage. The 
observed pa t te rn  disappear simultaneously with dumain D
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s t r i p s  at  the threshold voltage about 50 V. 
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