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Two Frequency Addressing
of a DTN-Cellt

I. FUKUDA,t M. AKATSUKA,§ T. UCHIDA and M. WADA ||

Dspartment of Electronic Engineering, Faculty of Engineering, Tohoku University,
Sendai 980, Japan,

(Received August 7, 1980; in final form September 29, 1980)

The authors have already reported that a DTN-cell (depolarization in a twisted nematic-cell) had
several advantages to a matrix display such as sharp threshold and wide viewing angle. But if the
usual amplitude selection method is applied to a large scale matrix display using the DTN-mode,
multiplex capability is limited by the cutoff frequency f. of a liquid crystal. Therefore, the authors
investigated a two frequency addressing method, that is, simultaneous application of a constant
low-frequency voltage and a variable high-frequency voltage. In this method, a liquid crystal with
lower-f. can be used. In addition, some advantages of extremely sharp threshold, high contrast
and relatively fast response and recovery can be obtained by using a liquid crystal with large nega-
tive dielectric anisotropy. These advantages are useful for a large scale matrix display.

1 INTRODUCTION

Liquid crystal display devices (LCDs) have been widely used because of their
many advantages such as low power consumption, low driving voltage and
flat panel structure. At present, the fields of their application are limited to
displays of portable instruments with small scale information such as watches
and calculators. As a recent trend of LCDs, however, researches and devel-
opments of a large scale matrix display are being done actively.'* There are
many technical difficulties for LCDs to be applied to a large scale matrix dis-
play, because LCDs generally have the following disadvantages to a large
scale matrix display:

(1) The threshold sharpness is insufficient.
(2) Response and recovery are rather slow.

+ Presented at the Eighth International Liquid Crystal Conference, Kyoto, July, 1980.
1 Present address: Kanazawa Institute of Technology, Kanazawa 921, Japan.

§ Present address: Asahi Glass Corporation Ltd., Yokohama 221, Japan.

|| Passed away on January 10, 1980.
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Therefore, various experiments to improve the multiplex capability have been
made, combining the LCD with control devices such as a PLZT-ferroelectric
layer? and a ZnO-varistor’ or with active control devices such as a thin film
transistor (TFT)* and a MOS-field effect transistor (MOS FET).*® But their
structures are complex and hence require much cost of production. Therefore,
the simple matrix display without a nonlinear device or an active device is
desirable.

Almost all LCDs put in practical use at present are twisted nematic type
(abbreviated as TN-type)’ among many suggested display modes. But this
type has disadvantages of narrow viewing angle and the relatively insufficient
multiplex capability when the usual driving technique of amplitude selection
method is used. On the other hand, a depolarization in twisted nematic liquid
crystal layer mode (abbreviated as DTN-mode)*’ suggested by the authors
has a wide viewing angle and a sharp threshold though it has to be used as a
transmissive display because of relatively poor brightness. Therefore, it is
suitable for a large scale matrix display.

In this paper, multiplex capability of the DTN-cell is discussed and its prob-
lems are clarified. Then, it is stated that the problems can be solved by two
frequency addressing method. In addition, various display characteristics of
the cell driven by this method are discussed.

2 FUNDAMENTAL OPERATION OF THE DTN-CELL

The structure of the DTN-cell is schematically shown in Figure 1. A cell with
two parallel glass plates, G, and G,, is filled with a liquid crystal of negative
dielectric anisotropy, which has twisted alignment of an angle 90°. Plates P,
and P;are polarizers and D is a diffuser. The incident light is linearly polarized
after passing through P,. It then proceeds into the cell, in which the plane of
polarization suffers a rotation of an angle 90° in passing through the glass
plate G». The plane of polarization of the second polarizer P; is adjusted to be
at right angles with its incident light when no voltage is applied to the cell,
thereby allowing no transmission of light through the polarizer (Figure 2a).
When a voltage is applied to the cell, electrohydrodynamic instability'® occurs
as shown in Figure 2b, which causes the light to be depolarized while passing
through the cell. This produces the component of polarization that can pass P,
and the device is converted to the bright state.

3 EXPERIMENTAL

Table I shows the liquid crystal and the additives used in this experiment. The
nematic liquid crystals were a typical Schiff base mixture of MBBA 50wt%
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FIGURE 1 Structure of the DTN-cell.

and EBBA 50wt% with dielectric anisotropy Ae of —0.45 and a ester mixture
EN-18 of Chisso Corp. with large negative Ae of —5.9. Both liquid crystals
were doped with an ionic material, tetrabutylammonium bromide (TBAB), to
increase the cutoff frequency f.'"'? of a liquid crystal to about 2 kHz. In addi-
tion, a small amount (about 0.03wt%) of a cholesteric liquid crystal was added
to both mixtures to prevent reverse twisting. The liquid crystal cell was made
of two In; O; coated glass plates, whose surfaces were treated with N-g(amino-
ethyl) y-aminopropyltrimethoxysilane (AAMS)" followed by unidirectional

TABLE I

The liquid crystals and additives used in the experiments

Host nematic Se

liquid crystal Additives Ae (kHz)
MBBAs, EBBAs, TBAB, CC —0.45 1.6
EN-18 TBAB, CC -59 2.3

MBBA: p-methoxybenzylidene-p’-n-butylaniline.

EBBA: p-ethoxybenzylidene-p’-n-butylaniline.

EN-18: an ester mixture (produced by Chisso Corp. Ae = —35.9).
TBAB: tetrabutylammonium bromide.

CC: cholesteryl chloride.
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FIGURE 2 Liquid crystal orientation in the DTN-cell.

rubbing. By this surface treatment, liquid crystal molecules aligned unidirec-
tionally parallel to the glass plates. Square wave voltages of SO Hz and 10 kHz
were respectively used for low-frequency and high-frequency voltage. All
measurements were made at 25°C,

4 RESULTS AND DISCUSSION

4.1 Single frequency addressing of the DTN-cell

Figure 3 shows the typical basic characteristic of the DTN-cell when it is
driven by a low-frequency voltage. As shown in this figure, the threshold volt-
age and the peak voltage are denoted by Vs and V), respectively. When the
usual addressing method of single frequency is applied to the matrix display of
DTN-mode, the applied voltage to pixels is switched between voltages lower
than V. and higher than ¥, by using the optimized amplitude selection
method.'*'* Table Il shows a voltage waveform of the a:1 amplitude selection
method. Figure 4 shows the typical waveforms applied to the on- or off-pixels.
The rms-voltages for these on- and off-waveforms are expressed as

Vo az —1

Vin=— /1 +
a

(H
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FIGURE 3 The fundamental characteristic of the DTN-cell.

V. -2 —1
Voir = — +——(a )
a

N

1 2

where N is the number of scanning electrodes and a is the bias constant. Here,
if a is expressed as

a=+\/N+1 3

the ratio Von/Vorr becomes maximum and is expressed as

NN+ 1 @
VN -1
This addressing method is called the optimized amplitude selection method.

On the contrary, if the highest voltage of nonexcited state V¥, and the lowest
voltage of excited state ¥, of a LCD are given, the maximum number of scan-

Von/Voff =
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FIGURE 4 The waveforms of a:1 amplitude selection method.

ning electrodes N, is expressed by substituting V./V,for Von/Vorin Eq. (4) as

N ((V/V)2+l) )
(V/Va) =1

Figure 5 shows the relationships between ¥,/ ¥, and Ny, In the case of the DTN-
matrix cell, let ¥, and V. respectively correspond to V;,and ¥,. Then the max-
imum electrode number can be obtained by Eq. (5). Figure 6 shows the de-
pendences of transmittance of the cells using MBBA s, EBBAso and EN-18 on
the applied voltage of 50 Hz. The thickness of liquid crystal layer of these cells
(abbreviated as cell thickness) were respectively 12um and 11 um, the differ-
ence was confirmed to be negligible. These results indicate that the cell using
EN-18 with large negative Ae has sharper threshold and higher transmittance
than the cell using MBBAs; EBBA;,.

If the usual amplitude selection method of a single frequency is applied toa
large scale matrix display, however, the driving waveform includes high-fre-
quency components as shown in Figure 4, For example, for a matrix display of
100:1and of frame frequency 40 Hz, the main frequency component becomes
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Voltage waveforms applied to pixels in amplitude selection method

Y-electrode

X-electrode
(scanning)

(signal)

On

1
0 L7V

Off

Select 0

1-

e

Vo

Nonselect 0

0 _quEVo

1
0 — 7V,

1.5

Ve / Vn

1.0

T | L

VU N .

102

Nm

103

FIGURE 5 Relationship between the maximum number of scanning electrodes Nn,and V./V,.
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FIGURE 6 Dependences of transmittance of the cells using MBBAs, EBBAs; and EN-18 on
the applied voltage of 50 Hz.

4 kHz. This indicates that the cutoff frequency f. of a liquid crystal must be
sufficiently higher than 4 kHz and hence heavy doping of an ionic compound
is required. However, it seems to be disadvantageous in power consumption
and electrochemical stability. In addition, when the number of scanning elec-
trodes increases, V,n/Vorr decreases and then response and recovery become
slower. Therefore, we investigated the two frequency addressing of the DTN-
cell to improve these problems. The results are shown in the next section.

4.2 Two frequency addressing of the DTN-cell

4.2.1 Addressing method The voltage of a frequency above f; has the effect
of suppressing the dynamic scattering. Two frequency addressing method of a
dynamic scattering cell (abbreviated as DS-cell) utilizing this effect has al-
ready reported by C. R. Stein'®and P. J. Wild e al.'” However, their methods
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TABLE 111

Voltage waveforms applied to pixels in a high frequency addressing method

Y-electrode Oon Of¢f
(signal)

1 1
X-electrode o HHHE 7 V% O'EH:FHE'E'V°

(scanning)

Select 0 iu-,';)vo OIH’H%--ZT)VO o IV°

)
OFHFE 3V | O-BAFHE 3V

Nonselect O

have the same problems as the single frequency addressing method in the
point that a high - is required, because the low frequency voltage is also used
for addressing. Therefore, the authors have investigated an improved two fre-
quency addressing method for the DTN-cell, in which a constant low-fre-
quency voltage and an addressing high-frequency voltage shown in Table 111
are simultaneously applied to the cell.'* This method has an important advan-
tage that the high f; is not required for a large scale matrix display.

4.2.2 Electrooptical characteristics Figure 7(a) shows the low-frequency
voltage dependence of the transmittance of the DTN-cell using MBBAso
EBBA s, where the frequency is 50 Hz. Figure 7(b) shows the characteristics of
the same cell when it is driven by a variable high-frequency voltage (10 kHz)
and a constant low-frequency voltage (50 Hz) corresponding to @ ~ d in Fig-
ure 7(a). This result indicates that relatively sharp threshold of high-frequency
voltage can be obtained when V;is adjusted to about V,(= 9.4V). By the way,
for V;larger than ¥, the transmittance near the high-frequency threshold volt-
age Vi decreases and the recovery becomes slower. Therefore, in the case of
MBBA;, EBBA, the most preferable characteristics in the two frequency
driving method can be obtained when V; is adjusted to about V. Figure 8
shows the same characteristics using EN-18 with large negative Ae. In this
case, an extremely sharp threshold of high frequency, a high transmittance
and a large contrast ratio are obtained in comparison with the case of MBBA 5o
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FIGURE 7 Applied voltage dependences of transmittance of the cell using MBBAs; EBBAso

(cell thickness: 11um).
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thickness: 12 um).
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EBBA . These characteristics are further improved by increasing V. As for
the threshold voltage of high-frequency voltage, ¥Vj,u, MBBAs; EBBAs, ex-
hibits relatively high ¥} (8.3V) when V;is adjusted to V, (= 9.4V) which is
the best condition in the two frequency driving method of this material. On the
other hand, the threshold V. of EN-18 is fairly low (1.4V) when V;is adjusted
to 7.5V which corresponds to V. In the case of EN-18, however, contrast ra-
tio, response and recovery times are further improved by increasing V; to
10 ~ 15V, still ¥} . is lower than that of MBBAso EBBAo. For example, when
Viis 10V, 13V, 15V, Vjw becomes 3.1V, 5.0V, 6.1V, respectively.

It is difficult to produce a uniform thickness of liquid crystal layer ¢, or cell
thickness, when a large display device is produced. Therefore, it is desirable
that the display characteristics are almost independent of the thickness. Fig-
ure 9 shows the effect of cell thickness on characteristics of the cell using EN-18

50 |
® t=12um
i e t =20 pm
O
Zz 30
.
-
&
20 >
Z o
(0 et o}
- "
10 >
y B
0

0 5 10
Vh ( V ), f,=10kHz

FIGURE 9 Effect of cell thickness on characteristics of the DTN-cell using EN-18 driven by
two frequency voltages.
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driven by two frequency voltages. These results indicated that V. is almost
independent of the thickness though the transmittance near the threshold de-
creases with increase of the cell thickness.

When a DS-cell is driven by the simultaneous application of two frequency
voltages, ¥; and V,, whose frequency f; and f, are respectively fi < f. and
f» > f., the relationship between ¥;and ¥V at the threshold is known to be ex-
pressed as'®!’

V% = Vlz,lh + ‘YV}l,th (6)

where V' is the threshold voltage of low frequency and + is a coefficient de-
pendent upon several material properties such as dielectric constant, viscosity
and conductivity. The value of y of the typical liquid crystal MBBA has been
reported to be 0.5 at 32°C.'° Figure 10 shows the relationships between Viand
V3. of the DTN-cells using MBBAso EBBAso and EN-18. The relation for
EN-18 s not linear and hence vy depends on V;as shown in Figure 11, the rea-
son of which is not clarified yet. It is shown that EN-18 has -y about ten times
larger than that of MBBA s, EBBA. This indicates that the suppressing effect
of high-frequency voltage in EN-18 is very strong because of a large negative
Ae.

4.2.3 Response andrecovery properties Figure 12shows thetypical charac-
teristic of the DTN-cell using EN-18 when it is driven by a variable high-fre-

100
MBBAs50EBBAsg
g
c 50
>
o ) 3 L i
0 100 200 300 400

LA 2
FIGURE 10 Relationships between ¥7and V3 ., in the cells using MBBAso EBBAsand EN-18.
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FIGURE 12 The fundamental characteristic of two frequency driving of the DTN-cell using
EN-18 (V: a variable high-frequency voltage, V1 a constant low-frequency voltage).
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quency voltage V), and a constant low-frequency voltage V. The cell becomes
excited state at ¥, < Vi1, and nonexcited state at ¥, > Vpu. Then, voltages
correspond to these states are denoted by ¥, ,and V. respectively. When the
cell is driven by the two frequency voltages, V' is switched from V5, to V.
(response) or from V. to ¥y, » (recovery) according to display signals. There-
fore, response and recovery times under switching between V) . and V; , are
important. In the case of a large scale matrix display, it is desirable to take ¥,
as close to Vj,n as possible for increasing the scanning electrodes and contrast
ratio. Figure 13(a) and (b) shows V; . dependence of response and recovery
times for various ¥, values, where V) , is adjusted to 1.01 V4, .. These results
are summarized as follows.

(1) The response time depends on V;and V.. Namely, it becomes shorter
as V;increases and as V,, decreases.

(2) The recovery time is almost independent of V; and V).

(3) When Viis adjusted to a fairly large value, relatively fast response and
recovery times can be obtained even if Vj./V,, is close to 1.

Figure 14 shows V' , dependence of response and recovery times for various
values of ¥y when V;is adjusted to 15V. This result indicates that response
and recovery times are almost independent of V.. It is found from these re-
sults that the characteristics shown in Figure 13(a) are important when the
DTN-cell is driven by the two frequency voltages. Namely, relatively fast re-
sponse can be obtained by adjusting ¥;to as large value as possible, ¥, to a
slightly larger than V), and ¥V}, . to as small value as possible, while recovery
time is almost independent of driving condition.

4.2.4 The multiplexability of the DTN-cell On the basis of the experimen-
tal results mentioned above, the multiplex capability of the DTN-cell using
EN-18 driven by two frequency addressing method will be discussed. When V.
and V;, ,is decided, the number of scanning electrodes can be obtained by sub-
stituting ¥, ,/Vy,.into V,./V, in Eq. (5). For example, Eq. (5) and Figure 5
indicate that the matrix display with more than 100 electrodes requires ¥,/
Ve = 1.10. Figure 15 shows the relationship between contrast ratio and the
number of scanning electrodes in comparison with the case of single frequency
addressing. It is seen that contrast ratio larger than 10:1 can be obtained by
the two frequency addressing method with ¥; = 15V even if the scanning elec-
trodes number is 1000. Figure 16 shows the relationships between response
and recovery times and the number of scanning electrodes. This result indi-
cates that response time is about 140 msec and recovery time is about 220 msec
when 200 electrodes are scanned at ¥; = 15V. These values seem to be satisfy-
ing to a certain extent for practical use. Figure 17 shows the relationship be-
tween addressing peak voltage ¥y and the number of scanning electrodes. This
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FIGURE 16 Relationshipsbetween response and recovery times and number of scanning elec-
trodes N (liquid crystal: EN-18, cell thickness: 12 um).
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FIGURE 17 Relationships between addressing peak voltage Vs and number of scanning elec-
trodes N (liquid crystal: EN-18, cell thickness: 12um).

indicates that a large scale matrix display can be driven by a relatively low
voltage when ¥, is adjusted about 10V. However, response time increases in
the case of a large number of scanning electrodes. On the other hand, when V;
is adjusted to about 15V, contrast ratio and response time are improved but ¥,
becomes relatively high. For example, it becomes about £50V and 70V for
100 and 200 scanning electrodes respectively. However, it may be possible to
reduce the addressing voltage if the liquid crystal with larger negative Ae will
be developed.

5 CONCLUSION

When the DTN-cell using a liquid crystal with large negative dielectric aniso-
tropy is driven by the two frequency addressing method, in which a constant
low-frequency voltage and a high-frequency addressing voltage simultane-
ously applied, the following advantages to a large scale matrix display can be
obtained.

(1) Extremely sharp threshold of high-frequency voltage can be obtained.
(2) High transmittance and high contrast can be obtained.
(3) Relatively fast response and recovery can be obtained.
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TABLE IV

The multiplexability of the DTN-cell (liquid crystal: EN-18, cell-thickness: 12 um, ¥\ = 15V)

Number of scan- Response Recovery Addressing peak
ning electrodes Contrast time time voltage
N ratio (msec) (msec) Ve (V)
100 1:16 110 200 +50
200 1:14 140 220 170

(4) High-frequency threshold voltage V', is independent of cell thickness.
(5) Viewing angle is very wide.
(6) High-f. is not required.

As a result, the multiplexability as shown in Table IV can be obtained. If a
liquid crystal with larger negative Ae¢is developed, the addressing voltage will
be more decreased.
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