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Materials for Liquid Crystal Displays with 
Reduced Power Consumption 

PEER KIRSCH, MATTHIAS BREMER, ANNETTE KIRSCH, 
ATSUTAKA MANABE, EIKE POETSCH, VOLKER REIFFENRATH 

and KAZUAKI TARUMI 

Merck KGaA, Liquid Crystals Division, 642 71 Darmstadt, Germany 

A significant reduction of the power consumption of a liquid crystal display can be achieved 
either by application of a lower driving voltage or - even more effectively - by use of a holo- 
graphically structured reflective scattering type of display without colour filters. The first 
option requires strongly polar materials with extremely high reliability, the second one new 
types of liquid crystals with a birefringence as high as possible in order to optimize the scat- 
tering effect. A molecular modeling based method for the prediction of reliability parameters 
is presented. 

Keywords: liquid crystals: active matrix display; molecular modeling 

1. INTRODUtXION 

The reduction of the power consumption of active matrix liquid crystal 
displays (AM-LCD) is a predominant target on the way to an increased 
mobility of batteiy powered devices. The largest contribution to the 
overall energy consumption of a display comes fiom the backlight. 
Reflective displays could therefore reduce the power consumption by 
around 90%. A potential for the hrther decrease would be the use of a 
lower driving voltage. 
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2. MATERIAIS WITH ULTRA-HIGH PURITY AND ULTRA- 
HIGH RELTABJLITY 

The reduction of the driving voltage of a AM-LCD implies the use of a 
liquid crystalline material with increased dielectric anisotropy (AE).  
This type of materials is known to be highly sensitive towards ionic 
impurities which decrease the voltage holding ratio, and fmally lead to 
observable flicker or contrast inhomogenities of the display."] There are 
two possible reasons for the increased sensitivity of highly polar 
materials: First, the faciliated dissociation of ion-generating impurities 
in a medium with a high dielectric constant. Secondly, the solvation and 
mobilization of ions due to complexation by specilic substructures of 
liquid liquid crystals. 

It could be shown, that there is a strong reciprocal correlation of the 
voltage holding ratio of different types of liquid crystals with the 
calculated (semiemirical, AMl) heat of interaction with so-called 
,,sparkles", models of hard-sphere ions with a positive or negative 
charge but no molecular orbitals.I2' 
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FIGURE 1 Correlation between voltage holding ratio (e )  and 
calculated heat of interaction (bars) with a ,,sparkle" (semiempirical, 
AM1) of some representative liquid crystals. 

These calculations were reproduced and relined on the ab initio 
level (HF/6-3 iG*) with sodium cations, providing a semi-quantitative 
affinity scale of various liquid crystals with cations. 
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2 

FIGURE 2 One of the possible complexes between a sodium 
cation and 2,6-difluoro(difluoromethoxy)b~e (ub inifio, HF/6- 
31W: A&' = -35.3 kcalmor'). The relatively high heat of 
interaction can be explained by the chelation of the cation by three 
binding sites. 

Experimental support was also obtamed by fast atom bombardment 
mass spectrometry (FAB-MS) where clusters of liquid crystal 
molecules with protons or sodium cations are observed with intensities 
fitting the calculated &ity scale. 

Displays based on the reflective scattering mode (RSM) require no 
backlight. Holographic structuring of the polymer dispersed liquid 
crystal droplets makes also the strongly tight-absorbing colour filters 
obsolete. Requirement on the liquid crystal side is an extremely high 
birelihgence (An). The current limit for birefiingence of commercially 
used liquid crystalline single compounds is around 0.32, wheras a 
reasonable minimum requirement for an effective RSM is 0.35. The 
optimum An value for a liquid crystal mixture would be larger than 0.5. 

Even if there are some materials known with very high An, the 
main obstacles for the practical application of such highly birefiingent 
liquid crystals are their UV instability, poor solubility and - possibly - 
insuf€icient compatibility with active matrix technology. In order to 
overcome these problems, a number of new materials was synthesized. 
The first of such high An liquid crystals are based on tolane 
(diphenylacetylene) substructures and the isothiocyanato group as a 
polar terminus. Optimization of the side cham lenghts and the 
fluorination pattern led to materials with highly promising properties. 
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F 2 F 
FIGURE 3 Tolane based liquid crystals with very high 
birefigence (An) but low dielectric anisotropy (AE) .  

Whilst material 1 still photochemically stable, materials with more 
than one acetylenic triple bond have an increased tendency towards 
photochemical degradation even after exposure to ambient room light. 

FIGURE 4 Polar liquid crystals with very high biretiiigence (AH) 
based on tolaiie substructures. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 0
8:

53
 1

6 
A

ug
us

t 2
01

2 



LCDS WITH REDUCED POWER CONSUMPTION 197 

The compatibility with active matrix technology could be improved 
by introducing the highly polar""' pentafluorosuhranyl function as a 
terminal group.''' 

No. (Muo)phrru TQm AE An 
1 C 32 N 159.5 I 197.4 3.6 0.319 
2 C 128N 193.7 236.1 1.4 0.437 
3 C 46 I 22.0 18.3 0.381 
4 C 102 S, 208 N 259.8 I 228.1 15.8 0.460 

6 C I29 S, 155N 158.1 I 138.0 20.6 0.308 
5 C 78 1 -32.0 21.6 0.224 

TABLE I Physical properties of tolane based materials with very 
high birefiingence. Phase transitions and ,,virtual" clearing points 
( TN,,d,,) are cited in "C. TNl,ctr, A E  and An were extrapolated fiom a 
10% w/w solution in the Merck mixture ZL1-4792 (TN,  = 92.8"C, 
A& = 5.27, Atz = 0.0964) and corrected empirically for differences 
in the order parameter. The electrooptical parameters were 
measured at 20°C, the birefiingence at a wavelength of 589 urn, and 
the dielectric anisotropy with an I IcHz AC voltage. 

The results of the ,,sparkle" calculations indicated, that the 
pentafluorosulhranyl group does not coordinate very well to cations 
and does therefore not reduce the voltage holding ratio in spite of its 
strong dipole moment. This prediction was experimentally confirmed. 

4. REDUCTION OF POWER CONSUMPTION BY VERY UIW 

VOLTAGE HOLDING RATIO 
THRESHOLD VOLTAGE - MATERIAIS WITH ULTRA-HIGH 

The computational models for reliability prediction, such as the 
,,sparkle" affinity scale, were intended to be a guidance for the design 
of new structures for liquid crystals with improved voltage holding ratio 
One of the results of such predictions is the introduction of the 
pentafluorosulhranyl group which has a low affinity to ionic 
contaminants. Another type of materials promising improved reliability 
are alicyclic compounds containing no heteroatoms except fluorine. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 0
8:

53
 1

6 
A

ug
us

t 2
01

2 



198 PEER KIRSCH et al. 

I F 

FIGURE 5 
voltage holding ratio. 

Fluorinated alicyclic liquid crystals with very high 

No. Menophrrer T3- A6 An 
7 C 18S,401 -43.0 6.8 0.054 
8 C 42 S, 161 1 88.9 3.1 0.062 

TABLE 2 Physical properties of the fluorinated alicyclic liquid 
crystals with very high voltage holding ratio 7 and 8. Phase 
transitions and ,,virtual" clearing points (TN,.cxn) are cited in "C. 
T,,,,,, A& and Ati were extrapolated fiom a 10% wlw solution in the 
Merck mixture 2LI-4792. 

Nevertheless, in spite of their excellent reliability, materials such as 
7 or 8 have strong tendency to form S, mesophases. Therefore, the 
mesophase range of this type of materials is a parameter with potential 
for hrther improvement. 

5. SUMMARY 

Supported by molecular modeling as a powerful design tool, a number 
of new liquid crystalline materials, either with very high birefringence 
or with strongly improved voltage holding ratio was synthesized. 
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