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CHROMATIC CONTRAST AS A CRITERION FOR EVALUATION 
O F  PIGMENTED L I Q U I D  CRYSTAL DISPLAYS 

ZDZISLAW SALAMON, DANUTA BAUMAN AND ALEKSANDER 
SKIBINSKI 
I n s t i t u t e  of  Phys ics ,  Poznan Technical  Un ive r s i ty ,  
Piotrowo 3,  60-965 Poznan, Poland 

(Submitted f o r  Pub l i ca t ion  February 1 7 ,  1981) 

ABSTRACT - C o l o r  changes upon t h e  a p p l i c a t i o n  of 
a v o l t a g e  i n  mul t i co lo r  type of gues t -hos t  l i q u i d  
c r y s t a l  dev ices  i s  descr ibed  by us ing  a chromatic  
c o n t r a s t .  I t  i s  shown t h a t  t h e  chromatic  c o n t r a s t  
is  a b e t t e r  q u a n t i t a t i v e  parameter  f o r  comparing 
pigmented l i q u i d  c r y s t a l  d i s p l a y s  than  t h e  per-  
ce ived  c o n t r a s t  r a t i o .  A method of t h e o r e t i c a l  
e s t ima t ion  of  chromatic c o n t r a s t  f o r  an ind iv idua l  
composi t ion o f  l i q u i d  c r y s t a l  devices  i s  proposed. 

E l e c t r o o p t i c  e f f e c t s  i n  l i q u i d  c r y s t a l s  can d i sp lay  

informat ion  i n  c o l o r .  Some of t h e  m o r e  p r a c t i c a l  d i s p l a y  

schemes employ t h e  guest-host  e f fec t . ’  

l i q u i d  c r y s t a l  d i s p l a y s  a r e  gene ra l ly  cha rac t e r i zed  by t h e  

o rde r  parameter  o r  t h e  c o n t r a s t  r a t i o .  A s  Bloom and 

P r i e s t l e y *  showed both t h e s e  d e s c r i p t i o n s  a r e  use fu l  i n  

de te rmining  t h e  o r i e n t a t i o n  of t h e  dye bu t  they a r e  inade- 

qua te  f o r  e v a l u a t i n g  p l eochro ic  dye l i q u i d  c r y s t a l  d i sp l ays .  

They in t roduced  a perce ived  c o n t r a s t  r a t i o  (PCR) t h a t  

inc luded  t h e  r e l a t i v e  s p e c t r a l  e f f i c i e n c y  f o r  photopic  

v i s i o n  t o  achieve  a b e t t e r  c h a r a c t e r i z a t i o n  of  t h e  c o l o r  

modulations i n  l i q u i d  c r y s t a l  d i sp l ay  devices .  However, 

t h e  modified ve r s ion  of t h e  c o n t r a s t  r a t i o  f o r  co lored  

l i q u i d  c r y s t a l  d i s p l a y s  by Bloom and P r i e s t l e y  is  s t i l l  

i n s u f f i c i e n t  because t h e  PCR va lues  do not  spec i fy  any 

Such p leochro ic  dye 
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changes i n  colors .  This problem is  e spec ia l ly  important 

i f  one i s  t ry ing  t o  describe not only a co lo r  modulation 

but a l s o  color  changes upon the app l i ca t ion  of a voltage 

to  t h e  l i q u i d  c r y s t a l  c e l l .  3 ’ 4  

c r y s t a l  displays,upon appl icat ion of the  vol tage,  appear 

i n  t h e  case of multicolor devices. 

Z. SALAMON, D. BAUMAN and A. SKIBINSKI 

The co lo r  changes i n  l i q u i d  

3 , 4  

The purpose of t h i s  note i s  t o  elaborate  on a 

q u a n t i t a t i v e  cha rac t e r i za t ion  of color  change. For t h a t  

purpose w e  introduce a chromatic con t r a s t  ( C C ) .  W e  a l s o  

propose a method of t h e o r e t i c a l  estimation of chromatic 

con t r a s t  f o r  dyes i n  t h e  nematic l i qu id  c r y s t a l s .  This 

estimated chromatic con t r a s t  (ECC) i nd ica t e s  a maximal 

value of chromatic con t r a s t  t h a t  can be obtained i n  prac- 

t i c e  f o r  an individual  dye and l i q u i d  c r y s t a l  matrix com- 

pos i t i on .  

In  order t o  determine the chromatic con t r a s t  the 

C I E  chromaticity coordinates of individual  co lo r s  were 

obtained using t h e i r  transmission spectra  and the  method 

described i n  t he  l i t e r a t u r e . 5  

co lo r s  were then t r ans fo r rzd  (according t o  Breckenridge 

and Schaub transformation ) i n t o  the Rectangular Uniform 

Chromaticity Scale ( R . U . C . S . ) .  The chromatic con t r a s t  is  

defined a s  the  difference of the dis tance between the  

R.U.C.S. coordinates which descr ibe the  two colors .  I n  

t h e  case of bi-color l i qu id  c r y s t a l  displays the  chromatic 

con t r a s t  means the  difference between R.U.C.S. coordinates 

of t h e  display color  i n  the e l e c t r i c  f ie ld-off  and field-on 

s t a t e s .  

The C I E  coordinates of  

6 .  

The estimated chromatic con t r a s t  i s  ca l cu la t ed  a s  

above taking the following assumptions: (1) an order 

parameter, ( S ) ,  of dye used reaches maximal value ( i n  
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PIGMENTED LIQUID CRYSTAL DISPLAYS 29 

nematic l i q u i d  c r y s t a l s  S = 0 . 7 0 ) ;  ( 2 )  knowing t h e  type 

of l i q u i d  c r y s t a l  mat r ix  and us ing  t h e  f i r s t  assumption, 

changes i n  t h e  t r ansmiss ion  spectrum of  t h e  dye upon 

apply ing  t h e  vo l t age  can be c a l c u l a t e d  according t o  t h e  

equat ion  given by Schadt. Such es t imated  chromatic con- 

trast  g ives  us  t h e  maximum value  f o r  t h e  dye used and t h e  

l i q u i d  c r y s t a l  mat r ix .  Therefore ,  from one s i d e  t h e  calcu-  

l a t e d  chromatic  c o n t r a s t  va lue  might be used a s  a u se fu l  

i n d i c a t o r  f o r  eva lua t ion  of t h e  ind iv idua l  dye-l iquid 

c r y s t a l  composi t ions and from t h e  o t h e r  s i d e ,  t h i s  va lue  

g i v e s  us  informat ion  on t h e  q u a l i t y  obta ined  i n  p r a c t i c e  of 

l i q u i d  c r y s t a l  d i sp l ays .  

W e  have used t w o  t ypes  of l i q u i d  c r y s t a l  d i s p l a y s :  

t h e  f i r s t  one w a s  r e a l i z e d  by combining an e x t e r n a l  poly- 

v i n y l  a l coho l  (PVA) s h e e t  wi th  an o r i e n t e d  p leochro ic  dye 

and a 90' t w i s t e d  nematic l i q u i d  c r y s t a l  c e l l  wi th  another  

p leochro ic  dye. 3 f 7  The second type of l i q u i d  c r y s t a l  d i s -  

p l ay  cons i s t ed  o f  t h e  t w o  s p e c i a l  dyes i n  a l i q u i d  c r y s t a l  

mat r ix .  One o f  them w a s  a p leochro ic  dye wi th  a high 

degree of o r i e n t a t i o n  and t h e  second was an unoriented one 

( t h e  degree of o r i e n t a t i o n  was equal  n u l l ) .  The c o l o r  

change depends on t h e  vo l t age  - induced v a r i a t i o n  of t h e  

po la r i zed  abso rp t ion  of  d i c h r o i c  dye. I t  i s  important  t o  

p o i n t  o u t  t h a t  bo th  types  of l i q u i d  c r y s t a l  d i sp l ays  do no t  

r e q u i r e  p o l a r i z e r s  and i n  both types  of  co lored  d i sp lays  

a l a r g e  v a r i e t y  of co lo r  combinations a r e  poss ib l e  depend- 

i n g  on t h e  dyes used. 

A s  a nematic hos t  mat r ix  a biphenyl-pyrimidine 

mixture  (RO-TN-403) i n  t h e  f i r s t  t ype  of  l i q u i d  c r y s t a l  

d i sp l ay  and RO-TN-103 i n  t h e  second one, both from Hoffman 

La Roche, w e r e  used. The PVA s h e e t s  w e r e  prepared a s  
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30 2. SALAMON, D.BAUMAN and A. SKlBlNSKI 

8 described elsewhere. 

The following pigments w e r e  used: 

1. The Congo Red with absorption maxima a t  516 and 

546 nm was located i n  PVA, 
NH 

~ ~ - N = N - ~ - o - N = N &  Congo Red 

NH2 S03Na 
2. The blue azo-dye w i t h  an absorption maximum a t  600 nm 

w a s  located i n  l i q u i d  c r y s t a l  matrix of  both types 

of displays,  

0- N=N-Q - N c  
C2H5 

Blue Dye 

C H  
2 5  

3 .  The red dye with an absorption maximum a t  556 nm 

which h a s  a very low degree of oxientat ion i n  the 

nematic l i q u i d  c r y s t a l  matrix (S = 0 . 0 3 )  was used 

a s  an unoriented dye i n  the second type of display.  

Red Dye 

The c e l l s  used f o r  both types of d i sp l ays  consisted 

of two g l a s s  p l a t e s  i n t o  which SiOx was evaporated a t  an 

angle 30° t o  t h e  horizontal  t o  give a homogeneous l i qu id  

c r y s t a l  alignment. Thickness of the l i q u i d  c r y s t a l  c e l l  

was 1 0  pm. I n  a l l  experiments, t he  propagation d i r ec t ion  

of l i g h t  w a s  perpendicular t o  the electrode surfaces .  Both 

sample and reference displays were operated i n  p a r a l l e l  i n  

t he  e l e c t r o o p t i c a l  experiments. 

Table I shows the  values of chromatic con t r a s t  

obtained from the experimental data (CC) and from the  
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PIGMENTED LIQUID CRYSTAL DISPLAYS 31 

ca lcu la t ion  ( E C C ) .  I n  t h i s  t a b l e  we a l s o  show the  values 

of PCR f o r  t he  d i sp lays  invest igated.  

TABLE I 

The values of chromatic con t r a s t  (experimental 
and ca l cu la t ed  d a t a )  and the perceived con t r a s t  r a t i o .  

Type of 
Display 

I 

I1 

Chromatic Contrast PCR 

cc ECC 

35 38 1 . 0 0  

13 18 1.73 

The v i s u a l  appearance of both displays have shown t h a t  t he  

o f f - s t a t e  co lo r  i s  determined by the mixture of dyes, 

whereas i n  t h e  on-state  t h e  color is  dominated by Congo Red 

i n  PVA o r  unoriented red dye i n  t he  second type of our dis-  

play. Therefore, one can observe a n  obvious change of dis-  

play co lo r s  from purple t o  red.  These subject ive viewer 

observations a r e  i n  agreement with values of chromatic 

c o n t r a s t ,  whereas PCR values a re  completely inadequate. 

The value of PCR equal t o  unity means t h a t  t he  applied 

vol tage (off-on-state) does not change the color  of the 

display.  From Table I it can be seen t h a t  t h e  PCR values 

a r e  very c lose  t o  uni ty  and even more, t he  f i r s t  type of 

our d i sp lay  which i n  p rac t i ce  (and i n  CC values) has b e t t e r  

color  changes and gives  smaller values of PCR than the 

second one. 

The r e s u l t s  i nd ica t e  t h a t  i n  multicolor displays ( t o  

color  change desc r ip t ions )  t he  chromatic con t r a s t  should be 

used as a bas i c  q u a n t i t a t i v e  parameter f o r  t he  character i -  

zat ion of t h e  order  switching property of t h e  l i qu id  

c r y s t a l  display devices.  
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