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NEW METHOD TO DETERMINE ELASTIC CONSTANTS OF NEMATIC 
L I Q U I D  CRYSTAL FROM C-V CURVE 

T . UCHIDA and Y . TAKAHASHI 
Department of E l e c t r o n i c  Engineer ing,  Facul ty  of 
Engineer ing,  Tohoku Unive r s i ty ,  Sendai ,  980, Japan 

(Submitted f o r  Pub l i ca t ion  October 9, 1981) 

Abs t r ac t  I t  i s  found t h e o r e t i c a l l y  and exper imenta l ly  
t h a t  a l i n e a r  r e l a t i o n s h i p  between capac i tance  and re- 
c i p r o c a l  v o l t a g e  of a nematic l i q u i d  c r y s t a l  c e l l  of 
homogeneous alignment.  From t h i s  s l o p e ,  t h e  r a t i o  of 
e l a s t i c  c o n s t a n t s  K33 /K11 can be a c c u l a t l y  obta ined .  

T w i s t e d  nematic  l i q u i d  c r y s t a l  d i s p l a y  devices  (TN-LCDs) 
have been widely used because of t h e i r  low d r i v i n g  v o l t a g e  
and low power consumption. According t o  expansion of t h e i r  
usage,  t h e i r  m u l t i p l e x a b i l i t y  are expected t o  be improved f o r  
h igher  m u l t i p 1 . e ~  d r i v i n g .  Seve ra l  workers’-3 inves t iga t ed  
t h e  r e l a t i o n  between m u l t i p l e x a b i l i t y  and mater ia l  parameters  
and c l a r i f i e d  t h a t  r a t i o  of bend and sp lay  e l a s t i c  cons t an t s  
K33 /K11 of nematic  l i q u i d  c r y s t a l  is  t h e  most important para- 
meters, t h a t  i s ,  smal l  K33 /K11 g i v e s  sharp th re sho ld  and hence 
h igh  m u l t i p l e x a b i l i t y .  I n  t h i s  paper ,  a new method t o  d e t e r -  
mine K33 /K11 ea sy ly  and c o r r e c t l y  from capaci tance-vol tage 
curve is  repor t ed .  

Almost a l l  methods t o  determine K33 /K11 of d i e l e c t r i c a l l y  
p o s i t i v e  l i q u i d  c r y s t a l  m a t e r i a l s  use  t h e  r e l a t i o n  between 
r e t a r d a t i o n  o r  capac i tance  of l i q u i d  c r y s t a l  l a y e r  and applied 
e l e c t r i c  o r  magnetic f i e l d .  4-8 However, i n  t h e  case  t h a t  the  
magnet ic  f i e l d  i s  used, i t  is  d i f f i c u l t  t o  uniform t h e  f i e l d  
and t o  a d j u s t  t h e  d i r e c t i o n  accu ra t e ly  perpendicular  t o  c e l l  
l aye r .  The method using r e t a r d a t i o n  i s  a l s o  disadvantageous 
because o rd ina ry  and ex t r ao rd ina ry  ind ices  of r e f r a c t i o n  an.d 
c e l l  t h i ckness  must be measured accu ra t e ly  beforehand. 
Therefore ,  t h e  method us ing  t h e  e l e c t r i c  f i e l d  dependence of 
c e l l  capac i tance  i s  b e s t ,  because i t  has  no disadvantages men- 
t i oned  above. Espec ia l ly  t h e  one us ing  t h e  i n i t i a l  s lope  of 
capaci tance-vol tage curve near  th reshold  i n  a homogeneous cell5 
i s  most popular .  This  method i s  based on t h e  fol lowing ap- 
proximate r e l a t i o n  between c e l l  capac i tance  C and appl ied  
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134 T. UCHIDA and Y. TAKAHASHI 

v o l t a g e  V nea r  th reshold  v o l t a g e  v t h ,  

In t h i s  equat ion ,  C i  is capac i tance  at  VSVth ,  y and K are 
d i f  ined by 

;y = E I l A L  - 1 , 
X = K33/kl l  - 1 , 

where and €1 a r e  p r i n c i p l e  d i e l e c t r i c  cons t an t s  of l i q u i d  
c r y s t a l .  Eqn.1 is  v a l i d  i n  only t h e  neighborhood of th reshold ,  
s o  t h a t  t h e  de te rmina t ion  of elastic c o n s t a n t s  from eqn.1 in-  
c ludes  n o t i c e a b l e  e r r o r .  

v o l t a g e  V are obta ined  by Gruler  e t  a15 as  

a 

Exact r e l a t i o n  between c e l l  capac i tance  C and appl ied  

where 9 i s  tilt  ang le  of d i r e c t o r  of l i q u i d  c r y s t a l  and qPm i s  
tilt ang le  a t  the c e n t e r  of t h e  c e l l .  K33 /K11 can be  de t e r -  
mined by a numerical  curve f i t t i n g  method7 us ing  eqn.2 and 3 ,  
whi le  t h e  procedure of c a l c u l a t i o n  is ve ry  complicated.  

Then, we found another  method t o  determine K33 /K11 from 
C-V curve.  The eqn.3 i s  transformed as 

Eqn.2 and 4 g i v e  

o r  

When appl ied  v o l t a g e  is  s u f f i c i e n t l y  h igh ,  t h e  approximation 
+,,, 27112 is v a l i d .  Then eqn.6 is  r e w r i t t e n  as 
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METHOD TO DETERMINE ELASTIC CONSTANTS 135 

o r  

where C I I  i s  capacitance of homeotropic aligned c e l l .  Calcu- 
la ted r e l a t i o n s  between CR and Vth/V from eqn.2 and 3 a re  shown 
i n  Fig.1. P lo t s  i n  t h i s  f i gu re  show the experimental charac- 
t e r i s t i c  of a c e l l  with l i q u i d  c r y s t a l  RO-TN605 (F.Hoffmann-La 
Roche). 
CR and Vth/V a re  val id  at C ~ 3 0 . 8 .  

It i s  seen i n  t h i s  f i gu re  t h a t  lenear va r i a t ion  of 
The slope a i s  given a s  

A s  i s  c l ea r  from eqn.7, the value of y can be determined from 
extrapolat ion of (C-Cl)/CI t o  l / V = O .  Therefore, K can be 

a 
u 

Figure 1. 
vth/v.  

Relations between reduced capacitance CR and 
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determined by eqn.7 w i t h  measured v a l u e s  of and y. The 
r e l a t i o n  between a a n d  IC w i t h  v a r i o u s  v a l u e s  of y are shown 
i n  F ig .2 .  It i s  s e e n  t h a t  t h e  r e l a t i o n  between ~1 and K or  
y are r e l a t i v e l y  monotoneous, and t h e r e f o r e  K can be e a s i l y  
determined by i n t e r p o l a t i o n  of curves  shown i n  F i g . 2 i n s t e a d  
of s o l v i n g  eqn. 9. 

I n  conclus ion ,  t h e  l inear r e l a t i o n  of c a p a c i t a n c e  w i t h  
Vth/V a t  t h e  h i g h  v o l t a g e  i s  confirmed t h e o r e t i c a l l y  and 
exper imenta l ly .  This  l e n e a r  r e l a t i o n  e x i s t s  over  wide 
range  C ~ = 0 . 8 - 1 . 0 ,  and t h e  s l o p e  i s  f u n c t i o n  of K33 / K l l ( o r  
K) and y. T h e r e f o r e ,  K33 /K11 can be determined e a s i l y  by 
t h e  s l o p e  a, and y. 

T. UCHIDA and Y. TAKAHASHI 
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