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Liquid Crystal Cross-Pattern 
Display Characteristicst 
F. OGAWA,  S. NAEMURA and C. TAN1 
Central Research Laboratories, Nippon Electric Co., Ltd. 
4-1-1, Miyazaki, Takatsuku, Kawasaki 213 Japan 

This paper present characteristics of a prototype liquid crystal cross-pattern display utilizing a 
cholesteric nematic phase transition mode. Dielectrically positivecholesteric liquid crystal mate- 
rial used isa mixture of biphenyl nematicand cholesteric nonanoate in 9: I weight ratio. In order 
to display a cross-pattern. four different signals made from phase shifted dc-rectangular wave- 
forms are applied to striped row and column electrodes. Display rise timeand fall timeare typi- 
cally 30 msec. and 100 msec.. respectively. which enable fast cross-pattern display scanning. 

INTRODUCTION 

Among the various operating modes utilized in liquid crystal displays (LCDs). 
the cholesteric-nematic phase transition (CNPT) mode generally has the fol- 
lowing features: ( I )  The acceptable viewing angle is larger than 140'. 
(2) Display response speed is fast. (3) The restriction on temperatureand hu- 
midity surrounding LCDs can be relaxed by eliminating polsrizer. In  parricu- 
lar, several matrix character displays, utilizing the CNPT mode have been 
developed. '- 

This paper presents characteristics of a prototype liquid crystal cross-pat- 
tern display4 developed by utilizing the CNPT mode, for other applications 
than for a character display. This display can indicatethe position of an object 
by overlaying the cross-pattern on or under a certain fixed figure. Striped elec- 
trodes on the two glass plates with homeotropic boundary condition are in a 
matrix format. 

TPresented at the Eighth International Liquid Crystal Conference in Kyoto, June 3oLJoly 4, 
1980. 
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PRINCIPLE 

Dielectrically positive cholesteric liquid crystal (LC) cells with homeotropic 
boundary conditions in  its quiescent state exhibits an almost transparent spi- 
ral sate S (Cholesteric Phase).' It changes to a scattering fan-shaped state F 
(Cholesteric Phase) on voltage application, and transforms at threshold vol- 
tage VH to a homeotropic nematic state H (Nematic Phase) as a result of the 
field-induced CNPT. 

When the voltage applied to  the LC cell is changed from VZ to V I  
(V2 < VH < VI) ,  the cell changes from state F t o  state H. But, when the vol- 
tage applied to the LC cell is changed from V I  to  V2 (0.3 VH < VZ < VH). a 
metastable homeotropic state H is maintained for a rather long time T, that 
depends on VZ/ VH. In  order to obtain the rapid transition from state H to state 
F', where state F' is the strong scattering focal-conic state, the voltage applied 
to the LC cell should be changed from V I  to zero, and after t o  msec. ( t o  2 TNC, 

where TNC is the nematic-cholesteric phase relaxation time), zero to V2. State 
F' is transited to  state F. slowly. 

DRIVING SCHEME 

In order to display a cross-pattern by using one row (i) and one column 6). and 
form the background by using other rows ( k )  and other columns (I), four dif- 
ferent signals, Q ( O ) ,  Q(IT) ,  Q(-IT) and Q(IT - e) ,  are made from phase shifted 
dc-rectangular waveforms (frequency J'= 1 / 2r, voltage height Vop), and ap- 
plied to row and column electrodes, (Figure I ) .  IT, -8 and ( T T  -6) mean the 
phase differences from the signal Q(0). The ac-rectangular waveform (Sl) sig- 
nal with duty ratio D = 8 /  IT, which is made from the combination of Q(0) and 
Q(-8), or Q(T) and Q(n  - e) ,  is applied to  selected dots, which form across- 
pattern having light scattering state F o r  F, during the selected period except 
for time interval t o  at the time of the transition from state H to  state F.  
Another signal (82) with D = 1, which is made from thecombination of Q(0) 
and Q(R),  or Q(-8) and Q(IT - 8),  is applied to non-selected dots, which form 
the background in transparent homeotropic nematic state H. Voltage heights 
for SI and S2 are thesame value V,. The rms voltages, V,,,, for Sl and S2 are 
(8/7r)''2 V, and V,, respectively. 8 and V, should satisfy inequalities, 
I / 3  Vk < ( 8 /  V, < V;l and V, > VH, where Vk and VH are threshold 
rms voltage for cholesteric-nematic phase induced by Sl and S2, respectively. 
SI and S2 are shown in Figure 2. When the duty ratio for applied signal to the 
dots changes from I to 0 and, after t o  msec., 0 to @/IT, the rms voltage for ap- 
plied signal is changed from V, to zero and, after t o  msec., zero to ( 8 /   IT)''^ V,, 
as shown in Figure 3. The dots are changed from non-selected dots in state H 
to selected dots in state F', rapidly, by the signal change. 
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I 

i 
k 

1 

Q (0) 
I 1  I I 

F I G U R E  I Phase shifted dc-rectangular waveforms applied to selected row ( i )  and column 6) 
electrodes. and to non-selected row ( k )  and column (0 electrodes T, - 0 and (T - 0): phase dif- 
ferences from the signal Q(0). 

The driving method mentioned above needs only two voltage levels (0 and 
VOp). This leads to a driving circuit simplicity merit. 

LIQUID CRYSTAL MATERIALS 

The LC materials used for the present LCD are dielectrically positive mixtures 
of nematics and cholesterics. Desired LC material characteristics are a small 
TNC ( S  30 rms) and a low VH. compatible with C-MOS driving circuits, 
throughout the operating temperature range required by the LC itself only, 
20-70°C. Various LC mixtures were sought with large dielectric anisotropy 
A t  (> 0) and small viscosity r] to satisfy the demands. Finally, a mixture of 
biphenyl nematics and a cholesteryl ester was selected. The cholesteric con- 
centration was selected to be 10 wt. % to realize the LC quiescent pitch 
PO = 1.9 pm, which is the optimum value for small TNC and VH. This mixture 
has a clearing temperature of 96°C and shows the cholesteric phase even at 
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FIGURE 2 
tio = B T ,  S!. duty ratio = I .  

Ac-rectangular waveforms applied to selected and non-selected dots SI. duty ra- 

D 

KP 0 m vop 

N h C h  
H-state 

1 non -selec te d 
(dots  

F-state 
setec t e  d 

(dots  ) 
FIGURE 3 
changed from non-selected dots to selected dots. 

The relation of duty ratio and rms voltage for applied signal to dots which are 
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Gap= 10.5pm 
1 KHz rectag. waves 

:20 0 20 40 60 80 
Temp. ( O C )  

FIGURE 4 Threshold voltage V H  temperature dependence. 

-20" C for over 6 hours. V H  shows an extremely small temperature depend- 
enceabove 10"Candis 13voltsfor 10.5pm layer thickness(Figure4). TNcand 
T~~ temperature dependence are shown in Figure 5 .  Above 20°C we can ob- 
tain TNC I 25 ms. and T~~ = 100 ms. ( V  = 2 VH). Thus, this LC material was 
found to be adoptable for present use. 

CHARACTERISTICS 

Light transmission characteristics were measured by using the ac-rectangular 
waveform signals mentioned in the driving scheme section. Measurements 
were performed using He-Ne laser. Light transmission vs. apptied rms VOI- 
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-20 0 20 40 60 80 
Temp. ("C 1 

FIGURE 5 Transition times TNC and TCN temperature dependence. 

tages curves depend on the duty ratio for ac-rectangular waveforms, as shown 
in Figure 6 when frequency.ffor the applied voltage is low, for example 50 Hz. 
Threshold rms valate V;l increases with decreasing duty ratio D. Minimum 
andmaximumdrivingvoltagesareVH = lOV.(D = I)and(l/D)1'2-VE = 19 
V.  ( D  = I/3),  21 V. ( D  = 1/4),  41 V. (D = I /  lo), respectively. Figure 6 
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I I I 
5 10 15 

V m s f  v. ) 
FIGURE 6 Light transmission vs. applied rms voltages curves. 

shows that transmission intensities for curve D = 1 in the F state are lower 
than for curve D = 1.  This is caused by the fluctuation in transmission, as 
shown in Figure 7. The fluctuation peak level shown in Figure 6 corresponds 
to  the transmission level for curve D = 1 in F state. 

When the duty ratio for an  applied signal is changed from 8/ l r  t o  1, the rms 
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FIGURE 7 Light transmission fluctuation inF-state(dutyratio= 1/10, VV=20V,f=50Hz).  

voltage changes from (B/n)”2 V, to V,, and cholesteric-nematic phase transi- 
tion occurs (see Figure 8: V, = 16 v, D = 114 - l , f =  50 Hz). 

Transition time Z C N  (display fall time) is independent from duty ratio for 
applied signals to keep state Fand is approximately inversely proportional to 
V,, as shown in Figure 9. On the other hand, when duty ratio for applied 
signal is changed from 1 to 0 and, after t o  msec., 0 to O /  T ,  the rms voltage 

2 

FIGURE 8 
f =  50 Hz). 

Choksteric-nematic phase transition characteristics (V, = 16 V, D = 1/4 - 1, 
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li 

X 23 

D=1/3 
0 D=1/4  
x D=1/10 

Gap -1Q2um 
J 

t--l 
fcr4 

I I 

3 15 20 25 

FlGU R E  9 Cholesteric-nematic phase transition time, ~ N C ,  vs. drivingvoltage, V o p ( / ~ ~  a Vij). 

changes from V, to 0 and, after ro msec., 0 to (fI/ T ) ' ' ~  V, and nematic-choles- 
teric phase transition occurs. Transition time ~ N C  (display rise time) is approx- 
imately equal to to. to should be slightly longer than or equal to TNC, which is 
nematic-cholesteric phase relaxation time. Nematic-cholesteric phase transi- 
tion characteristics under V, = 12 V, 15 V and 20 V applied voltages are 
shown in Figures IO(a), (b) and (c), respectively, when the duty ratio for an 
applied signal is changed as follows; D = 1 - 0 (30 msec) - 1 / 4. The charac- 
teristic in Figure 10(b) is better than the others. When the duty ratio for ap- 
plied voltage is changed as follows; D = I - 0 (30 msec) - I /  10, the better 
nematic-cholesteric phase transition characteristic is obtained under the ap- 
plied voltage V,, = 22 V (see Figure 1 1 ) .  V, = 15 V [Figure IO(b)] and 
V, = 22 V (Figure 1 1 )  correspond to rms voltages, V,, = 7.5 V and 7 V, re- 
spectively, which are the rms voltages for the transmission peak levels in F- 
state in  Figure 6. When the duty ratio for theapplied signal is changed from I 
to O /  T, transition time, t N C ,  becomes much longer than the nematic-choles- 
teric phase relaxation time TNC (see Figure 12; D = 1 - 1 /  10, V,,, = 16 
V - 3.2 V), and is shortened with decreasing V,, = D'I2 VOp1 When the volt- 
age height is changed as follows: Vl(= 16 V > VH) - 0 (30 msec) - 
V~(BV<VH),  when f= 1 kHzanddutyratio= 1, transition t i m e , ~ ~ ~ ,  becomes 
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(C) 
FIGURE 10 
1/4. /=  50 Hz); (a)  V, = 12 V, (b) V,,, = 15 V. (c) V, = 20 V. 

Nematic-cholesteric phase transition characteristics (duty ratio, 1 - O(30 msec) 

FIGURE 1 I 
I - O(30 msec) - 1/10, f =  50 Hz. 

Nematic-cholesteric phase transition characteristics V, = 22 V, duty ratio; 
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FIGURE 12 Nematic-cholesteric phase transition characteristics V, = 16 V, duty ratio; 
I - I /  lo./= 50 Hz. 

FIGURE 13 Nematic-cholesteric phase transition characteristics V,; 16 V - O(30 mscc) - 
8 V . D =  I f = l  kHz. 
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longer than 30 msec (see Figure 13). So, the nematic cholesteric phase transi- 
tion time, ~ N C ,  can be shortened by the driving scheme shown in Figure 3. 

Table 1 shows typical cross-pattern display performance. 

CROSS-PATTERN DISPLAY TEMPERATURE DEPENDENCE 

The cross-pattern display was observed through a window in the cooling and 
heating box under the following conditions. Temperature range is from 
-40°C to 90°C V, = 15 V, t o  = 30 msec, D = I and 1/4, f = 50 Hz. The 
display contrast is deteriorated below 20°C and thecross-pattern does not ap- 
pear below IO"C, because the nematic-cholesteric phase relaxation takes 
longer time then t o  = 30 msec below 20°C (see Figure 5) and the display rise 
time becomes longer than the cross-pattern scanning timelline. The cross- 
pattern can be observed to be excellent between 20" C and 7OOC. The display 
contrast is deteriorated at higher temperature than 70°C because the trans- 
mission fluctuation amplitude caused by voltage on-off cycle for duty ratio 
D < I increases with decreasing cholesteric-nematic phase transition time at 
high temperature (see in Figure 5) .  The display contrast can be improved by 
using higher frequency signals at  higher temperature. 

TABLE I 

Typical cross-pattern display performance 

v : moving speed of 
cross -puttern 
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TABLE I 1  

Panel shape 

Panei Size 63 X 
Display Area 46 X 

63X4.6 mm3 
46 mm2 

40 X 40 

0.9 x 0.9 mm2 

Number of  

Resolution 1 d o t / m m  
Dot Size 

Eiec t ro  des 

0.5 f 0.7 p m  LC Layer 
Thickness 

FIGURE 14 Cross-pattern display. 
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TABLE 111 

Electrical performance 

~~ 

Driving Voltage 12 - 18 v. 
( C - M O S  I C S )  

D = 1 / 4  
f =5O HZ 

to =30 ms. 

Heater 10 w ( 160n) 
4 min. (- 25-25 T) 

Opara ting Temp. 
20 70°C ( -25-70' C 

with he at er) 
Moving Speed of 

Cross Pattern 
5 1.1s. (12v.l 6 l . / s . (15~)  

10 u s .  (18v.) 
CONCLUSION 

This paper has described a driving scheme and characteristics of the cross- 
pattern display using the cholesteric nematic phase transition mode. The driv- 
ing scheme needs only two voltage levels (0 and V0J. This leads to driving cir- 
cuit simplicity. Moreover, one can use C-MOS ICs becomes of the low 
threshold voltage (- 10 V). The display rise time is approximately equal to the 
nematic-cholesteric relaxation time, which depends on the helical pitch length 
of liquid crystal material. It is usually a few tens of milliseconds or shorter. 
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This display can be operated in a wide temperature range (-25" C - 90" C) 
with a heater and a temperature compensation circuit to make signal fre- 
quency higher at higher temperature. This display using the bihenyle-nematics 
and cholesteric mixture, the organic surfactant for homeotropic align 
ment and plastic sealing material, underwent reliable tests, kept for 8 hours at 
-4OOC and cycling the temperature and humidity, as follows; room tempera- 
ture - 38OC85%RH 3 7loC95%RH keepingfor6hrs. 2% 38OC85% 
R H  - room temperature (naturally cooling), 3 cycles/3 days. Thus, this dis- 
play has a widestorage temperature range (-40" C - 90" c) and environment 
reliability. This display also has a wide viewing angle (> 140") and does not 
need a polarizer. 

Table I1  shows the panel shape and Table 111 shows electrical performance. 
This liquid crystal cross-pattern display, (shown in Figure 14), has a capability 
of adapting as a position control monitor, such as an airplane instrument. 
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