
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 21 February 2013, At: 11:49
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Material Considerations in
Liquid Crystal Television
Display
S. Matsumoto a , K. Mizunoya a & H. Tomii a
a Electron Device Development Laboratory, Toshiba
Corporation, Komukai Toshiba-cho, Kawasaki, 210,
Japan
Version of record first published: 28 Mar 2007.

To cite this article: S. Matsumoto , K. Mizunoya & H. Tomii (1982): Material
Considerations in Liquid Crystal Television Display, Molecular Crystals and Liquid
Crystals, 87:1-2, 53-68

To link to this article:  http://dx.doi.org/10.1080/00268948208083773

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948208083773
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

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

1:
49

 2
1 

Fe
br

ua
ry

 2
01

3 



Mof. Cryst. Liq. Cryst., 1982, Vol. 87, pp. 53-68 

0 1982 Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

0026-894 1/82/8701 -0053$06.50/0 

Material Considerations in Liquid 
Crystal Television D is p I ay 
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Toshiba-cho, Kawasaki 210, Japan 

(Received August 14. 1981) 

The liquid crystal (LC) class, material parameter and LC molecular alignment influence 
on display performance for an LC T V  panel, using an MOS active matrix and dc dy- 
namic scattering mode, has been investigated, including the conductivity dopant effect. 

The material considerations have indicated the following: 

(1) An LC material with birefringence larger than 0.14 and with viscosity lower than 
30 cp is required to be synthesized by an optimized blending of different class LCs, in 
order to achieve both high contrast and fast response acceptable for TV display. 

(2) Parallel LC molecular alignment is preferable to perpendicular alignment because, 
in the latter alignment, response time is considerably increased, although display con- 
trast is rather improved. 

(3) Simultaneous doping of electron donor and acceptor dopants to LCs is needed to 
assure an effective improvement in display contrast and dc operating lifetime. 

Bearing in mind these results, an LC material for use in the LC TV panel has been suc- 
cessfully designed and optimized. 

1. INTRODUCTION 

The authors have developed a prototype pocketable TV set employing 
an LC matrix display panel (see Figure I), whose specifications are 
summarized in Table I.' The display panel uses an MOS active matrix, 
consisting of an array of field-effect switching transistors and signal 
storage capacitors integrated on a silicon wafer, and dc dynamic scat- 
tering (DS) LC in a reflective mode.2v3 

As is well known, an LC display has a limited multiplexing capabil- 
ity, because LCs respond to the rms value of applied voltage and does 
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54 S. MATSUMOTO, K .  MIZUNOYA and H.  TOM11 

FIGURE 1 LC TV set showing on-the-air TV image. 

not have a sufficiently nonlinear response. So, in conventional rnulti- 
plexed matrix addressing, an LC display suffers from low responsc 
time and low contrast, which are caused by a short duty cycle and half- 
select problems. 

On the other hand, in active matrix addressing which uses an MOS 
active matrix, each display picture element can operate, theoretically, 
on a 100% duty cycle with no half-select problem, regardless of the 
number of address lines N in a line-at-a-time addressing scheme with a 
1/N duty cycle. The reason is that the necessary nonlinear response 
and signal energy storage are provided by a transistor and capacitor 
extrinsically added at each picture element. Therefore, the MOS active 
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MATERIALS FOR LC TELEVISION DISPLAY 55 

TABLE I 
M a i n  LC TV set and display panel specifications 

I tern 

External dimensions 
Weight 
Antenna 
Frequency range 
Audio output 
Power consumption 
Power source 
Zoom-up feature 

T V  set 

Display panel 

Effective picture size 
Number of picture elements 
Addressing scheme 
Contrast ratio 
ReSDOnse times 

Halftone capability 
Power supplies 
Power dissloation 

Specification 

170(H) x 8 O ( W ) x  16(D)mm 
300 grams, including dry batreries 
Telescopic rod antenna 
VHFAJHF all channels 
150 mW 
2.2 w 
DC 3 V  UM-3x2 / j ack  for AC IOOV 
2 times 

30.8(HIx 40.8(W)mm, diagonally 2 inche! 
220x240 52800pels 
Line-at-a-time, 60 f r o m  per second 
More than 2091 
Less than 30 msec, both rise 
and decay times 
More than 8 gray shades 

2 8 0  mW 
-1Ovdc and -23Vdc 

matrix addressing makes it considerably easy to build a relatively high 
contrast and fast response LC display with a reasonable gray scale. 

However, note that only the active matrix adoption by itself cannot 
lead to the realization of display performance required for a LC TV 
panel. For the desired realization, an LC material for use in the TV 
panel needs to be effectively optimized. 

In this paper, the influence of chemically different nematic LC 
classes and material parameters on the above-mentioned LC TV panel 
display performance is described, together with the LC molecular 
alignment influence. Also, electron donor and acceptor conductivity 
dopant effects on dc dynamic scattering improvement are presented. 

2. EXPERIMENTAL 

The nematic LCs used were multicomponent blends with negative di- 
electric anisotropy, representatively summarized in Table 11. They be- 
longed to phenylcyclohexane, phenyl cyclohexanoate, phenyl benzoate, 
Schiff base and azoxybenzene classes, respectively, and their mixed- 
class classes. The abbreviations for the LC blends shown in the first col- 
umn of the Table are used in the following. 
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MATERIALS FOR LC TELEVISION DISPLAY 57 

The conductivity dopants added to the LC blends included typical 
electron donors such as dibutylferrocene (DBF) and tetrathiafulvalene 
(TTF), and strong electron acceptors such as tetranitrofluorenon 
(TENF) and tetracyanobenzoquinodimethane (TCNQ). The total dop- 
ing concentration was typically 1.0% wt. in an electron donor-acceptor 
pair doping. 

The experimental results, unless otherwise stated, refer to a parallel 
aligned LC cell, consisting of two transparent InzO3-coated glass elec- 
trodes separated by an 8 pm gap, under dc electric field. In ac case, a 32 
Hz sq. wave voltage was applied. 

Electro-optical measurements were carried out by using a micro- 
scope of 100 magnifications, equipped with a photodetector. The on 
and off response times were defined as the times needed for a 90% de- 
crease and 90% recovery of the initial transmittance in a LC cell. 

3. LC CLASS AND MATERIAL PARAMETER INFLUENCE 

The influence of nematic LC classes with a negative dielectric aniso- 
tropy and their material parameters, such as optical birefringence An, 
viscosity q and dielectric anisotropy Ae, on DS display characteristics 
and an optimized blending of different class LCs for use in the LC TV 
panel are described. 

3.1 Birefringence An influence on display contrast 
DS display is based on a light scattering phenomenon, so it is expected 
that the display contrast will depend intensively on the An value. In 
Figure 2, transmittance T s  at applied voltage Vs, threshold voltage Vth 

plus 15 V, is plotted as a function of An for DS cells filled with various 
class multicomponent LC blends, doped with electron donor-acceptor 
pairs. The voltage V, is employed for the highest gray shade display in 
the LC TV panel. 

The separate experiment showed that display contrast increases def- 
initely with decreasing transmittance and that an LC material with Ts 
smaller than 55% is needed to achieve a contrast ratio higher than 20: 1 
in the LC TV panel. Therefore, it is obvious from Figure 2 that an LC 
material with An larger than 0.14 is required for realizing a contrast ac- 
ceptable for TV display. 
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58 S. MATSUMOTO, K. MIZUNOYA and H. TOMII 

BIREFRINGENCE A n 
FIGURE 2 Transmittance under applied voltage vs An for different LC class DS cells. 

3.2 Viscosity q influence on response time 
In Figure 3, on and off response times T~ at applied voltage VH,  at 
which the exactly midpoint gray shade display is obtained, is plotted as 
a function of q for the same DS cells as in Figure 2. The results indicate 
that T~ values decrease effectively with decreasing 17 and that an LC 
material with q smaller than 30 cp is required to realize T* faster than 
40 msec. 

3.3 Dielectric anisotropy Ac influence on display characteristics 
Figure 4 gives the AE dependence of threshold V t h ,  transmittance T” 
and response T’ at voltage V, for DS cells with PCH LC blends, in 
which An and q values were kept nearly constant. The results suggest 
that the AE influence on DS display characteristics is not marked, 
cQmpared to An and 7 influence, although a decrease in Ae results in a 
slight increase in Vlh and T&, and also a slight decrease in Ts and &. 
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MATERIALS FOR LC TELEVISION DISPLAY 59 

O 7:n 

7noff 

IOt 

W cn z 
cn 

0 
0 0  8 

!$ 20- 
0 

* :  

10 20 30 40 
VISCOSITY 7 (cp) 

FIGURE 3 Response time vs 7 for different LC class DS cells. 

3.4 Mlxed-class LC blendlng 
The previous results have indicated that an LC material having suffi- 
ciently large birefringence (An > 0.14) and, at  the same time, suffi- 
ciently low viscosity (7 < 30 cp) is required in order to achieve both 
high contrast and fast response acceptable for TV display. 

However, as shown in Figure 5 ,  presenting the 7 vs An correlation 
for various LC classes, there is no such favorable single LC class (see 
1-9 in Figure 5). LC classes with low 7, such as ECH and PCH, exhibit 
very small An, while LC classes with large An, such as SB and AZ, have 
relatively high 7. 

Thus, the resultant display contrast/response trade-off problem 
needs to be solved by an optimized blending of different class LCs (see 
14-18 in Figure 5 ) .  Here, note that such a mixed-class LC blend does 
not always solve the trade-off problem, as shown in 10-13 in Figure 5 .  
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60 S. MATSUMOTO, K .  MIZUNOYA and H. TOM11 

W 
P ,  1 

PCH(4) PCH(3) PCH (2 )  PCH( I) 

FIGURE 4 Dielectric anisotropy dependence of DS display characteristics. 

1,2,3sPCH. 4.5sECH. 6,7.P8. 88% 9aAZ 

IO*PCH/ECH. II,lZ~ECH/PB. I31PCH/PB 

14,15,16~PCH/SB. 17tECH/S8. 18 2 ECH/PB/AZ 

07 

40[ 03 1 8 

0.10 0.20 0.30 

BIREFRINGENCE A n  
FIGURE 5 Correlation between An and 7 for various LC classes. 
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MATERIALS FOR LC TELEVISION DISPLAY 61 

3.5 Mixed-class LC blend optimization 
I n  Figure 6, parameters r] and An and DS display characteristics, such 
as Vlh, Ts  and #, are plotted as a function of mixed-class LC blend 
composition. The LC blends were composed of PCH with small An 
and low r] and SB with large An and high r ] ,  doped with a donor-accep- 
tor pair DBF * TENF. The results indicate that the DS characteristics 
can be effectively optimized by employing the LC blend with a wt. % 
composition ranging from PCH/SB = 60/40 to 25/75. 

The above-mentioned different-class LC blending also makes a fa- 
vorable contribution to a moderate gray scale achievement, as repre- 
sented in Figure 7 concerning an ECH-PB/AZ mixed class LC blend. 

L, I 

100 75 50 25 0 PCH 
0 25 50 75 100 SB 
COMPOSITION C (wt.%) 

FIGURE 6 
display characterisfics. 

Mixed-class LC composition dependence of material parameters and DS 
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62 S. MATSUMOTO, K.  MIZUNOYA and H.  TOM11 

100- 

- 80- 
I- 

5 60- 
Z 
U 
I- 
F 5 40-  
v) z 
U 

g 

20-  

1 
6 12 18 24 

0’ 
0 

VOLTAGE V (Vdc) 

FIGURE 7 Transmittance vs applied voltage for single and mixed class LC DS ~ ~ 1 1 s .  

4. LC MOLECULAR ALIGNMENT INFLUENCE 

The particular LC molecular alignment is not essentially prerequisite 
for a DS LC display device, but DS characteristics depend largely on 
the alignment e rnp l~yed .~  The following describes perpendicular and 
parallel LC alignments influence on DS display performance. 

4.1 LC allgnrnent Influence on display contrast 
Figure 8 presents transmittance vs applied voltage for perpendicular 
and parallel aligned DS cells, under dc and ac electric fields. An 
ECH/PB LC blend, doped with a donor-acceptor pair DBF - TCNQ, 
was used. The results indicate that dc operation is definitely preferable 
to ac operation in order to realize low operating voltage and high con- 
trast. In addition, the preference is conspicuous in perpendicular 
alignment, compared to parallel alignment. 

4.2 LC ailgnrnent Influence on response time 
Figure 9 gives LC alignment and bias voltage vb influence on response 
7’. The LC used was a PCH/SB LC blend doped with a donor-acceptor 
pair DBF TCNQ. It is obvious that both on and off 7‘ in perpendicu- 
lar alignment are large, compared to those in parallel alignment, re- 
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MATERIALS FOR LC TELEVISION DISPLAY 63 

100- 

5 
I- 

W 
0 z 

80 

60- 
5 
v) z a 

40- 

- 

DC 
AC 

- 
---- 

1 I 

gardless of the v b  value and that perpendicular off f S  is conspicuously 
increased by application of v b  = v l h ,  although the bias decreases per- 
pendicular on f s  to a point near parallel on f'. 

These results are mostly true for response times for lower gray shade 
display. Therefore, perpendicular alignment is not applicable to the LC 
TV panel, which requires a bias voltage application. 

5 
0 Vth/2 Vth 

BIAS VOLTAGE vb (vdc) 

FIGURE 9 LC alignment influence on response time for a DS cell, with and without 
vb . 
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64 S. MATSUMOTO. K.  MIZUNOYA and H. TOM11 

e : A 1.0 wl.% 
f : D 1.0 Wt.% 

I I 

5. CONDUCTIVITY DOPANT FOR DC OPERATION 

D C  operation is inescapable for driving a DS LC display device em- 
ploying an MOS active matrix, from a viewpoint of simplifying the 
drive electronics. Pure LCs with high electrical resistivities do not show 
a DS phenomenon. Therefore, a conductivity dopant is essentially pre- 
req~is i te , ' ,~  and various organic electrolytes have been effectively used 
as such a dopant in conventional ac dynamic scattering. 

The organic electrolytes, however, are not applicable to dc dynamic 
scattering, because'of drastic electrochemical degradation in LCs; note 
that the dc operating lifetime for DS display devices using the electro- 
lytes is, at most, only a few tens of hours. Hence, usage of several elec- 
tron donors and acceptors as conductivity dopants was tried in the 
following.'-" 

5.1 Dopant effect on dlrplay contrast 
Figure 10 represents transmittance vs applied voltage for DS cells em- 
ploying a PCH/SB LC blend, doped separately and simultaneously 
with DBF as a donor and TENF as an acceptor. The results indicate 
that the simultaneous but not separate doping of a donor and an ac- 
ceptor, by more than a certain minimum quantity, is definitely re- 
quired to achieve an effective improvement in display contrast. 

The simultaneous doping also makes a favorable contribution to the 
reduction of operating voltage (see Figure 10) and to the exclusion of 

FIGURE 10 Transmittance vs applied voltage for DS cells employing LCs doped with 
electron donor and/or acceptor. 
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MATERIALS FOR LC TELEVISION DISPLAY 65 

display contrast temperature dependence in dc operation, as shown in 
Figure 11 .  

Practically, of course, it is necessary to select a specific donor-accep- 
tor pair suitable for the given class LC blend, because such DS display 
characteristics improvement effect by the simultaneous doping de- 
pends strongly on LC classes, as well as dopants themselves." 

5.2 Dopant effect on dc operating llfetlme 
In Figure 12, current density is plotted as a function of time, together 
with typical deterioration appearance, for DS cells filled with simul- 
taneously and separately doped PCH/SB LC blends under continuous 
dc 20 V application. The results indicate that the dc operating lifetime 
for a DS LC display panel can be considerably improved by a donor- 
acceptor simultaneous doping. In the doping, of course, note that the 
donor-acceptor pair must be selected according to the LC class used 
and a minimum doping quantity is needed. 

Figure 13 gives the electrochemical behavior schemes for electron 
donor and/or acceptor in LCs under dc electric fields, recently pro- 
posed by the present authors." In LCs with a donor-acceptor pair, as 
represented in Figure 13(a), the electrochemical behavior should be 
dominated by the reversible redox reaction of donor and acceptor do- 
pants, preventing LCs themselves from electrochemical reaction, since 
the redox potential of the dopants are quite low, compared to those of 
LCs. This may explain the long dc operating lifetime for simultane- 
ously doped LCs. 

I I 
0 10 20 30 

VOLTAGE V (Vrms) 

Temperature influence on transmittance vs dc and ac applied voltage for FIGURE 1 1  
DS cell (a) in Figure 10. 
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50 

20 

10 

E 5.0 e 
U x - 20 
I- z 

1.0 

0.5 

- 
N 

- 

a 
3 
V 

0.2 

I I 
0 500 1000 I500 2000 0. I 

TIME T (hrs) 
FIGURE 12 
electron donor and/or acceptor. 

Current density change with time for DS cells employing LCs doped with 

In case Or LCs witn a single aopanr, on rne orner nana, LLS rnem- 
selves are forced to participate in electrode reaction, as shown in Fig. 
13(b) and (c). This may cause a drastic degradation in LCs and re- 
markably shorten the dc operating lifetime, because the redox poten- 
tials for LCs are extremely high and their electrochemical redox reac- 
tion is not reversible. 

Practically, besides the above-mentioned conductivity dopant op- 
timization, the suitable selection of electrode material is required for dc 
operating lifetime improvement. Platinum and tin oxide electrodes 
have been found the most preferable, respectively as specular metal 
and transparent conducting electrodes, for a long dc operating lifetime. 

( 0 )  ( b )  ( C )  

FIGURE 13 
LCS. 

Electrochemical behavior schemes for donor and acceptor dopants in 
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MATERIALS FOR LC TELEVISION DISPLAY 61 

6. CONCLUSIONS 

The influence of chemically different nematic LC classes and material 
parameters on display performance for a dc dynamic scattering and 
MOS active matrix LC TV panel has been investigated, together with 
the LC molecular alignment influence. Also, the electron donor and 
acceptor conductivity dopant effect has been studied. 

The results indicate the following: 

(1) An LC material with birefringence larger than 0.14 and with vis- 
cosity lower than 30 cp is required to be synthesized by an optimized 
blending of different class LCs, in order to achieve both high contrast 
and fast response acceptable for TV display. 

(2) Parallel LC molecular alignment is preferable to perpendicular 
alignment because, in the latter alignment, response time is considera- 
bly increased, although display contrast is rather improved. 

(3) Simultaneous doping of donor and acceptor dopants to LCs is 
needed to  assure an effective improvement in display contrast and dc 
operating lifetime. 

Bearing in mind these results, an LC material for use in  the LC TV 
panel has been successfully optimized. This optimization has realized a 
performance practically acceptable for TV display, such as higher than 
20: 1 contrast ratio, faster than 30 msec response time and more than 
eight shades of gray, together with a pronounced improvement in dc 
operating lifetime. 
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