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EFFECT OF DYE CONCENTRATION ON THE CHROMATIC CONTRAST 
O F  PIGMENTED L I Q U I D  CRYSTAL DISPLAYS 

ZDZISLAW SALAMON AND DANUTA BAUMAN 
I n s t i t u t e  of Physics, Poznan Technical University, 
Piotrowo 3, 60-965 Poznan, Poland 

(Submitted f o r  Publication May 20, 1982)  

ABSTRACT - Studies of t h e  dependence of chromatic 
con t r a s t  on t h e  d i f f e r e n t  type of l i qu id  c r y s t a l  
matrix, various dyes and t h e i r  concentrations i n  the 
bicolor  l i q u i d  c r y s t a l  devices were made. Results 
have indicated the most favorable circumstances t o  
obtain a bicolor  display with the b e s t  v i sua l  
appearance. 

The l i qu id  c r y s t a l  (LC)  d isplay device using guest- 

host  i n t e rac t ions  has a t t r a c t e d  i n t e r e s t  recently because 

of display of color  and wide viewing angle. However, i n  

order t o  construct a competitive c e l l  with the  t w i s t  

nematic display device’ i n  terms of brightness and con t r a s t  

r a t i o ,  one must take a number of f ac to r s  i n t o  considera- 

t ion.  
2 

The authors have invest igated the color  changes upon 

appl icat ion of voltage i n  multicolor type of quest-host 

l i qu id  c r y s t a l  displays.  A s  we have recent ly  shown3 a 

chromatic contrast  is  a main parameter f o r  a quan t i t a t ive  

character izat ion of such color  change and t o  describe a 

v i sua l  appearance of colors .  

The chromatic con t r a s t  depends (1) on an op t i ca l  

order parameter and appropriate surface boundary condi- 

t i o n s ;  ( 2 )  on the  absorption of the dye used (it means 

t h a t  if t he  thickness of the l i qu id  c r y s t a l  c e l l  is kept 

constant t he  chromatic con t r a s t  depends on the concentra- 
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t i o n  of  dye; (3) on a sepa ra t ion  of  t h e  absorp t ion  bands 

Z.  SALAMON and D. BAUMAN 

of  t h e  dyes used i n  t h e  case  of  mul t i co lo r  ce l l s .  314 

Two types  of l i q u i d  c r y s t a l  c e l l s  were used. The 

f i r s t  one was a 90' tw i s t ed  nematic LC c e l l  wi th  a pleo- 

c h r o i c  dye. The fol lowing LC matrices were used t o  t h i s  type  

of d i sp lay :  E 7 ,  K15, K 1 8 ,  K24 (from BDH) and RO-TN-403 

(from Hoffman-LaRoche) . 
The second type  of d i s p l a y  cons i s t ed  o f  two dyes i n  

t h e  nematic LC ma t r ix  E7 .  

dye wi th  a h igh  degree o f  o r i e n t a t i o n ,  whereas t h e  second 

was an unor ien ted  one. 

anthraquinones ( D 1 6  from BDH) was used. This  b lue  an thra-  

quinone dye wi th  an abso rp t ion  maximum a t  596 nm was 

loca ted  i n  LC mat r ices  of bo th  types  of d i sp l ays .  The 

red  dyes wi th  absorp t ion  maxima a t  556 nm (R-556) and a t  

520 nm (R-520) which have a very low degree of  o r i e n t a t i o n  

i n  t h e  nematic LC ma t r ix  (S 0.03) w e r e  used a s  t h e  

unoriented dyes i n  t h e  second type  of  d i sp l ay .  

One o f  t h e  dyes was a p leochro ic  

A s  a p leochro ic  dye t h e  one of 

R-556 

R-520 

The ce l l s  used f o r  both types of  d i s p l a y s  cons i s t ed  

o f  two g l a s s  p l a t e s  i n t o  which SiO was evaporated a t  an 

angle  30' t o  t h e  h o r i z o n t a l  t o  g ive  a homogenous LC 

alignment.  Thickness o f  t h e  LC c e l l  was 20 pm. I n  a l l  

X 
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PIGMENTED LIQUID CRYSTAL DISPLAYS 117 

experiments t he  propagation d i r ec t ion  of l i g h t  was perpen- 

d i cu la r  t o  the electrode surfaces.  Both sample and r e f -  

erence displays w e r e  operated i n  p a r a l l e l  i n  t he  electro-  

o p t i c a l  experiments. 

The chromatic contrast  (CC) and an estimated chromatic 
3 

con t ra s t  (ECC) were obtained as  described elsewhere. 

Table I shows t h e  values of the order parameter S and 

chromatic con t r a s t  CC. These r e s u l t s  were done with the  

f i r s t  type of LC display and with D16 a t  the concentration 

of 1 . 3  w t % .  

TABLE I 

Values of Order Parameter and Chromatic 
Contrast of t he  Pleochroic Dye D16 

i n  Different LC Matrices 

LC matrix 

E 7  

K15 

K 1 8  

K2 4 

RO- TN- 4 0 3 

S 

0.60 

0 . 5 2  

- 

0.48 

0.50 

0.55 

cc Ir 
[R. U. C. S. 3 

34 

31 

30 

33 

32 

* 6 
Unity of Rectangular Uniform Chromatocity Scale 

A s  it i s  seen from Table I the b e s t  o p t i c a l  parameters 

give the  c e l l  with E 7  matrix. Therefore, f o r  t h i s  c e l l  t he  

measurements on t h e  influence of dye concentration on the  

chromatic con t r a s t  and o p t i c a l  degree of o r i en ta t ion  w e r e  

done. The r e s u l t s  a r e  shown i n  Figure 1. 

From these r e s u l t s  i t  i s  seen t h a t  the order parameter 

S usually used f o r  descr ipt ion of an LC display device i s  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
30

 2
1 

Fe
br

ua
ry

 2
01

3 



118 2. SALAMON and D. BAUMAN 

i n s u f f i c i e n t  i n  the  case of pleochroic dye LB displays.  A t  

the  low dye concentration the  order  parameter reaches a 

maximal value whereas the  chromatic con t r a s t  comes t o  i t s  

lowest value. The lowest value of t he  chromatic contrast  

increases with increase of pigment concentration. But 

increase of the dye concentration causes a small decrease 

of S. Therefore, from such r e s u l t s  one can determine the  

range of a dye concentration i n  which a maximal chromatic 

contrast  can be obtained. This problem of pigment concen- 

t r a t i o n  i s  especial ly  important i f  one i s  t ry ing  t o  des- 

c r ibe  not only a color  modulation but a l s o  color  changes 

i n  a multicolor type of c e l l  upon the  appl icat ion of a 

voltage t o  the  LC c e l l .  3,4 

Figure 1. P lo t s  of chromatic con t r a s t  and order para- 
meter = concentration of the pleochroic 
dye D 1 6 .  
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PIGMENTED LIQUID CRYSTAL DISPLAYS 119 

I t  should be not iced  t h a t  i n  t h e  b i c o l o r  ce l l s  a 

second type  of  used dye w i l l  i n f luence  t h e  chromatic con- 

trast as w e l l .  A s  has been mentioned above, i n  such 

s i t u a t i o n s  t h e  chromatic c o n t r a s t  depends on a sepa ra t ion  

of  absorp t ion  bands of two dyes used and on t h e  concentra- 

t i o n  of t h a t  second dye. I n  o rde r  t o  show an e f f e c t  o f  

s epa ra t ion  of absorp t ion  bands on t h e  chromatic c o n t r a s t  

two d i f f e r e n t  unor ien ted  red dyes (R-556 and R-520) w e r e  

composed wi th  D16 i n  t h e  b i c o l o r  ce l l s .  The r e s u l t s  a r e  

shown i n  Table 11. 

TABLE I1 

Values of  Chromatic Cont ras t  and Estimated Chromatic 
Cont ras t  f o r  t h e  Bicolor  Cells with  D16 

( a t  Concentrat ion 0.8 w t % )  and Red 
Dyes ( a t  Concentrat ion 0.4 w t % )  

Bicolor 
c e l l  with:  

R-556 + D16 
i n  E7 

R-520 + D16 
i n  E7 

cc 
[R.  U.C.S. ] 

13 

19 

ECC 
[R. U.C. S. ] 

16 

24 

I t  can be c l e a r l y  seen t h a t  t h e  c e l l  wi th  D16 and 

R-556 ( sepa ra t ion  of absorp t ion  bands equals  40 nm) g ives  

lower va lues  of  CC and ECC than  t h a t  wi th  D16 and R-520 

( sepa ra t ion  equals  76 nm). 

Figure 2 shows t h e  changes of  chromatic c o n t r a s t  

caused by v a r i a t i o n  i n  a red pigment concent ra t ion  f o r  

d i sp l ay  wi th  D16 and R-520 i n  E7 a t  two d i f f e r e n t  concen- 

t r a t i o n s  of D16. D
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120 Z.  SALAMON and D. BAUMAN 

I W  

l2 I 

Figure 2. P l o t s  of chromatic c o n t r a s t  concentra- 
t i o n  o f  t h e  r ed  dye (R-520). 

Having r e s u l t s  from Figure 1, one has  an optimum 

concent ra t ion  (about  1 . 3  w t % )  of t h e  p leochro ic  dye (D16). 

Such concent ra t ion  of D 1 6  has  given another  range of o p t i -  

mum concent ra t ion  (about  0.8 w t % )  o f  t h e  second type of  

dye (R-520) i n  t h e  b ioco lo r  d i sp l ay .  
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