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Evaluation of Pretilt Angle and Polar Anchoring
Strength of Amorphous Alignment Liquid
Crystal Display from Capacitance Versus Applied
Voltage Measurement

YASUO TOKO?® and TADASHI AKAHANE®

R&D Laboratory, Stanley Electric Co., Lid., 1-3-1 Eda-nishi, Aoba-ku,
Yokohama 225-0014, Japan and bDepartmenl of Electrical Engineering, Faculty
of Engineering, Nagaoka University of Technology, 1603 Kamitomioka, Nagaoka,

Niigata 940-2188, Japan

The pretilt angle and the anchoring strength are important parameters in liquid crystal dis-
plays (LCDs). However, in the case ol amorphous LCDs (a-LCDs), it is difficult to cvaluate
these parameters by means of conventional measurement method due to non-uniformity of
the LC directors. In this paper, we report the simultancous evaluation method of the pretilt
angle and the polar angle anchoring strength of a-LCDs by fitting the theoretical values based
on the elastic continuum theory to the data obtained by the measurement of capacitance ver-
sus applied voltage (C-V) characteristics. We evafuate the pretilt angle and the polar anchor-
ing strength of a-LCD using the polyimide alignment films. We confirm the pretilt angle and
the polar anchoring strength of a-LCD arc strongly dependent on surface energy of the poly-
imide alignment film.

Keywords: amorphous LCD; pretilt angle; polar anchoring strength; capacitance versus
applied voltage characteristics; liquid crystal

1. INTRODUCTION

Amorphous liquid crystal displays (a-L.CDs) exhibit the following several
superiorities: the simplicity in the production (prepared by the non-rubbing
technology); the wide and homogeneous viewing angular characteristics that
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1s free from contrast inversion occurring in the vertical direction; the optical
transmission versus applied voltage characteristics free from the viewing
angle dependence, which provides a benefit for the gray scale operation; and
excellent voltage holding ratio that is necessary for TFT-driven twisted
nematic L.CDs [1]. Onthe other hand, it is difficult to evaluate pretilt angle
and polar angle anchoring strength of the a-LCD by conventional
measurement method due to the non-uniformity of. LC alignment It is
needless to say that the pretilt angle and the polar angle anchoring strength
are very important parameters in LCDs. Many methods of measuring the
polar angle anchoring strength such as surface disclination {2,3], wedge cell
[4.5], Freedencksz transition [6,7], high field [8-10] have been given based
on various phenomena. Koyama and Akahane proposed a method [11]
which is based on the measurement of cell capacitance change with an
external field. This method can be applicable to the simultaneous evaluation
of the pretilt angle and the polar angle anchoring strength without depending
on the azamuthal orientation of the LC director Therefore, we try to apply
this method to the evaluation of the pretilt angle and the polar angle
anchonng strength of the a-L.CD.

2. PRINCIPLES ,
We assume that the surface energy 1s given by

F =3 4sin’(8, -6, )
where A4 15 a polar anchonng strength, & p is a pretilt angle of the easy
axis, and # 9 1s a tilt angle of L.C director at the surface

Using the elastic continuum theory of nematic hquid crystals,we obtain
the relation between a normalized applied voltage v, f0 and & m (the tilt
angle at the mid-plane of the cell) as
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The cell capacitance is given by
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where
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T (10)

The applied voltage dependence of § wm and @0 is obtained by egs. (2)
and (3). Then, the applied voltage dependence of the cell capacitance is
calculated by eq. (9).

When & p is zero, clear threshold voltage of Freedericksz transition Vih
exist even anchonng strength is finite, and Vih depend on #. In order to
introduce relationship between Vth and B, we consider a limitation of € m to
zero and obtain as follows:

v, "
B =y, tan =t Yy = (1)

In addition to the Freedericksz transition, LC alignment transition from
splay-bend alignment to homeotropic alignment occurs at high voltage
(saturation voltage Vs). In order to introduce relationship between Vs and B,
we consider a limitation of 8 o to rt/2 and obtain
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12 v,
B =a(l+x) v,tanh[m,—;} v, =

R AS

12)

According to eq. (11) and eq. (12), relationship between 8 with
normalized voltage of Freedericksz transition of the threshold voltage and
the saturation voltage are calculated as shown in Figure 1, respectively. The
threshold voltage curve is saturates when B is larger than 10. On the other
hand, the saturation voltage curve does not saturate. Therefore, it is found
that the measurement of the saturation voltage field is suitable for evaluation
of anchoring strength. So in this paper, we evaluate the anchoring strength
at the saturation voltage.

100 o i aau pEEEREE
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& Vs/Vc
5’ 10 ¢ 1
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E| Vth/Ve
E 1
<]
= ]
]
01 e A il Ll " MR WY SR GO S e w
0.1 1 10 100 1000

Normalized Polar Anchoring Strength 8

FIGURE 1  Normalized polar anchoring strength dependence of the
threshold voltage and the saturated voltage.

3. EXPERIMENTAL

3.1 Measurement system

The C-V measurement system is very simple as is shown in Figure 2
schematically. Figure 3 shows C-V characteristics of an LCD measured by
C-V measurement system and LCR meter (HP4284A) which is on the
market. These C-V characteristics of the LCD measured by different
systems show rather good agreement. This indicates that the C-V
measurement system has a high precision as well as LCR meter. The C-V
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region, then this system is suitable for measuring the cell capacitance of the

saturation voltage.
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FIGURE 2 C-V measurement system.
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FIGURE 3 C-V characteristics of the cell measured by C-V measurement
system and LCR meter (HP4284A).
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3.2 LCD preparation and measurement condition

The nematic liquid crystal material used in our experiment was fluornnated
type mixturc. No chiral material was added to the liquid crystal. Three
types of polyimide alignment films were used (PI-A to C: Nissan chem
Ind)). PI-A 1x a very low pretilt angle type polyimde film and used for
prepaning strong anchoring cell (standard sample). PI-B is an alkyl branched
type polyimude film, and used for preparing rubbed and a-1.CDs PI-C
whose surface encrgy is controllable by annealing temperature is used for
preparing a-LCDs with various annealing temperature. The thickness of
these polyimide films were controlled to be as thin as possible (thinner than
10nm) in order to avoid the influence of film capacitance. The rubbing
direction of the rubbed LCD was adjusted to be an anti-paralle] alignment.
The cell thickness was 5.6pum except for standard sample. The cooling rate
of the a-LCDs at the isotropic-nematic phase transition after L.C injection
were controlled from -0.34°C/min to -313°C/min. In order to observe
display propeities of a-LCDs, a-TN-LCDs were prepared under same cell
condition except for doping a chiral dopant (S-811, Merck) in the nematic
liquid crystal matenal. The concentration of the chiral dopant was adjusted
s0 as to be d/p=1/4, where p stand for the chiral pitch. In C-V measurement,
AC voltage up to 120V with 1000 kilohertz was applied to LCDs.

In order to measure the preult angle and the anchoring strength of
LCDs, LC material propertics must be measured exactly by using strong
anchoring cell with zero pretilt. In our experiment, we used the cell
(standard sample) as a strong anchoring whose cell thickness was thick
(50um) and alignment film was rubbed PI-A film with low pretilt (0.67). We
measured the nematic LC material properties by using the standard sample
as shown in Table 1

TABLE 1 Nematic LC material properties necessary for the simulations

Threshold Voltage [V] 123
y=Aele L 2547
« =(K3-K1)/K1 1033




Downloaded by [University of California, San Diego] at 02:34 16 August 2012

EVALUATION OF PRETILT ANGLE AND POLAR... [4243)/475

4. RESULTS AND DISCUSSION

4.1 C-V characteristics of strong anchoring cell

Figure 4 shows measured C-V characteristics of the standard sample and
calculated C-V charactenistics by applying the nematic LC material properties
shown in Table 1. In Figure 4, the horizontal axis is V/V, and the vertical
axis 18 C/Cs; solid square plot is measured data; broken line and solid line
are calculated data whose anchoring strengths are infinity and pretilt angle
are 0.01° and 0.6°, respectively Measured and calculated C-V
characteristics show perfect agreement. Therefore, we confirm that the
standard sample can be regarded as a strongly anchoring and very low pretilt
angle cell.

2.6 S
= Standard Sample ]
24 F - 6p=0.01°, Ag=> |
—— 0p=06’, Ag== | ]
G 22 [‘
O
2 -
18 ¢
1.6 i L I 1 e & L S 1 i ) L n 1 a— o
0 0.1 0.2 03 04 05

VeV

FIGURE 4 C-V characteristics of the standard sample (PI-A).
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4.2 Influence of the disclination lines

Figure 5 shows microscopic textures of a-LCDs. As shown in Figure 5,
these a-L.CDs have non-uniform alignment, and the domain size of the
alignment can be controlled by cooling rate of the a-LCDs at the LC phase
transition from isotropic to nematic phase. When the voltages are applied to
the a-L.CDs, innumerable reverse tilt disclination lines appear as is shown in
Figure 6. And the density of the disclination lines is lower as the cooling
rate is slower. This disclination lines disappear with higher electnic voltage
>6V).

Cooling Rate
["C/min]

-0.34

-11.0

-32.0

-75.5

-283.0

-313.0

100 m 100 e m
FIGURE 5 Microscopic textures FIGURE 6 Microscopic textures
of a-L.CDs (V=0V). of a-L.CDs (V=3V).
See Color Plate XIII at the back See Color Plate XIV at the back
of this issue. of this issue.
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In order to study the influence of existence of the disclination lines to
the C-V characteristics, we measured the C-V characteristics of rapid
cooling (-283°C/min) a-LCD, slow cooling (-0.34"C/min) a-LCD and
rubbed LCD (with no reverse uilt disclination lines), as shown in Figure 7.

27 [ T T
—e— 2a-LCD (rapid cooling)
251 -0+~ a-LCD (slow cooling) | ]
r —o— Rubbed-LCD
G 23r disclination lines exist -
O region in a-LCDs (< 6V).
2.1t
19+
17 L. A 1 n > 1 i
0 0.1 0.2 03 0.4 Q.5

velV

FIGURE 7 C-V characteristics of amorphous alignment LCDs (rapid and
slow cooling LCD) and rubbed L.CD.

Atthe low voltage region (<6V), where the disclination lines exist, the
capacitance values of the two types of a-L.CDs are lower than those of
rubbed LCD. Furthermore, the capacitance values of rapid cooling a-LCD
are lower than those of slow cooling a-L.CD. From these results, we found
that the higher density of the disclination lines causes the lower capacitance
value of the LCD. When lower voltage is applied to a-L.CDs, the existence
of the disclination lines degrades the precision of C-V measurement.
However, when higher voltage (>6V) is applied to a-L.CDs, the disclination
lines disappear and the capacitance values of a-L.CDs show almost the same
as those of the rubbed LCD except saturation region (about Vc/V<0.15), as
shown in Figure 7. There is no influence of the disclination lines at high
voltage region except for the influence of the polar anchoring strength.
Therefore, the disclination lines, which are observed in a-LCDs, do not
affect the precision of C-V charactenstics at high voltage region.

4.3 C-V characteristics of rubbed LCD with PI-B

Figure 8 shows measured and calculated C-V charactenistics of rubbed
LCD. We obtained the best fitting when 6 p=2.4°, A8=1x102 [J/m?].
The preult angle of rubbed LCD evaluated by C-V method shows good
agreement with that of same LCD evaluated by crystal rotation method.
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FIGURE 8 Measured and calculated C-V characteristics of rubbed LCD
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4.4 C-V charactenstics of a-LCD with PI-B

Figure 9 shows measured and calculated C-V characteristics of a-LCD We
obtained the best fitting when #p=0.1", A #=6x10"* [J/m?] The pretit
angle of a-L.CD is perfectly zero and the polar angle anchoring strength of
the a-LCD 1s relatively lower than that of rubbed LCD. The result of pretilt
angle indicates all LC molecules in the a-L.CD are aligned perfectly parallel
to the substrate plane in spite of the use of the alkyl branched type of

polyimude film.

CiCs

FIGURE 9 Measured and calculated C-V characteristics of a-LCD (PI-B)
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4.5 C-V characteristics of a-LCD with PI-C

[42471/479

Figure 10 shows measured and calculated C-V characteristics of a-LCD with
PI-C. From Figure 10, the pretilt angle and the polar anchoring strength of
a-LCD are controlled by the annealing temperature of PI-C from 0.1° to 5.0°
and from 2x10% to 5%10* [J/m?], respectively. As shown in Figure 11,
the surface energy of PI-C is lower as annealing temperature of PI-C is
higher. Therefore, the pretilt angle and the anchoring strength of a-LCD is
higher and weaker as the surface energy of polyimide film is lower.

26 T 11
» Standard Sample ]
w _ o a-LCD: PI-C (180 °C)|1
25 TN e a-LCD: PI-C (220 "O)]
e & a-LCD: PI-C (250 "C)}]
-~ a a-LCD : PI-C (300 *CQ)
G 241 S ]
& SN
Tal s .
23l Calculated Results =~ ~a ]
— #p=06", Ao= .
------- 0p=01", As=5x104[Jim* | “x_ - 4
22F - 0p=0.1°, As=4x10"*[J/m?) T
S 8p=20°, Ae=24x107[I/m?] LA
- 8 p=5.0°, As=2x10"[J/m? ] *3
21 -t TS PRt U ORI SO Y S ST R S S L n i L F_—
0 0.1 0.2 03
VelV
FIGURE 10 Measured and calculated C-V characteristics of a-L.CD (PI-C).
50 T T T
T - PLB
s BT -0 PL.C 1
2
8 a0l ]
(1) -V
&
3 o
g 35} :
w
20 . . .
150 200 250 300 350
Temperature {*C]
FIGURE 11 Annealing temperature dependence of surface energy of P1-C.
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Figure 12 shows transmittancc versus apphed voltage (T-V)
characteristics of a-TN-LCDs which are prepared by using PI-C. From
Figure 12, threshold voltage and off-transmittance of a-TN-LCD depend on
the annealing temperature of PI-C. This tendency of T-V characteristics is
consistent with the annealing temperature dependence of pretilt angle of a-
LCDs

40 rer— T T T T T T T .!
L —»—-a-TN-LCD: PI-C (180 *C)| |
ol -0 a-TN-LCD : PI-C (220 “C)|
T Pog g |--=-a-TN-LCD : PI-C (250 °C) J
s 30r hu W |-o— a-TN-LCD : PI-C (300 °C) 1
| a |
5 204 N
= F b . v
e [ " ;
z L a i
g I i
< 1 D\ i
EN i
h: ;
: |

- A R
0 1 2 3 4 3

Applied Voltage (V)

FIGURE 12 Transmittance versus apphed voltage (T-V} characteristucs of
a-TN-LCDs (PI-C)

Table 2 shows response performance ol a-TN-LCDg which celi
prepared by using PI-C. From Table 2, nise time is faster and decay time is
slower as the annecaling temperature of PI-C is higher This tendency of
response performance is  consistent with the annealing temperature
dependence of the anchoring strength of a-1.CDs

TABLE 2 Response performance of a-TN-LCDs (PI-C)

Annealing Temperature Response Time [msec |
of PI-C ['C] Rise Time Decay Time
18 o5 216
220 9 203
23 88 2277

[

85 ) 44 (

|
|
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We confirmed that the pretilt angle and the polar anchoring strength of
a-LCDs are controllable by the surface energy of the polyimide alignment
film.

5. CONCLUSIONS

The C-V measurement method can evaluate the pretilt angle and the polar
angle anchoring strength simultaneously for various alignment L.CDs such
as a-L.CD. The pretilt angle of rubbed LCD measured by this method shows
good agreement with the value evaluated by crystal rotation method. We
confirmed that the polar angle anchoring strength of the a-LCD is relatively
weaker than that of rubbed LCD. In addition, we confirmed that the pretilt
angle and the polar angle anchoring strength of a-L.CD is controllable by the
surface energy of the polyimide alignment film. The pretilt angle of a-LCD
is controlled up to 5°. This result of the pretilt angle and the polar angle
anchoring strength of a-LCD is consistent with the T-V characteristics and
response performance of a-TN-LCDs.
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