This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

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

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Grey behaviour analysis of in-plane switching mode liquid crystal displays

with weak-anchoring effects
Yu-Bao Sun; Hong-Mei Ma; Zhi-Dong Zhang

Online publication date: 11 November 2010

To cite this Article Sun, Yu-Bao , Ma, Hong-Mei and Zhang, Zhi-Dong(2002) 'Grey behaviour analysis of in-plane
switching mode liquid crystal displays with weak-anchoring effects’, Liquid Crystals, 29: 8, 1059 — 1062

To link to this Article: DOI: 10.1080/02678290210143951
URL: http://dx.doi.org/10.1080/02678290210143951

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678290210143951
http://www.informaworld.com/terms-and-conditions-of-access.pdf

17:44 25 January 2011

Downl oaded At :

LiQuip CrysTALS, 2002, VoL. 29, No. 8, 1059-1062

Taylor & Francis
Taylor & Francis Group

Grey behaviour analysis of in-plane switching mode liquid crystal
displays with weak-anchoring effects

YU-BAO SUN*, HONG-MEI MA and ZHI-DONG ZHANG

Department of Applied Physics, Hebei University of Technology, Tianjin, 300130,
PR China

(Received 11 September 2001, in final form 1 February 2002; accepted 2 February 2002)

In this paper we calculate the relative transmittance variation at grey level voltage with cell
gap variation, and the different surface anchoring strengths at both interface. The threshold
voltage of an IPS mode LCD with weak anchoring strength was investigated by linear
stability analysis; it was strongly dependent on the variation of cell gap. We analyse the
transmittance variation at grey level voltage from the threshold behaviour of an IPS mode
LCD with symmetric and asymmetric weak anchoring surface conditions. The ratio of relative
transmittance variation of cells with weak anchoring and strong anchoring surfaces at the

grey level voltage, AT 52 /AT

grey grey s

1. Introduction

Excellent viewing angle characteristics are obtained
systematically with in-plane switching (IPS) mode liquid
crystal displays (LCDs). The electro-optical effects,
threshold behaviour and dynamical response mechanism
of this mode have been calculated by Oh-e and co-workers
[1-5]. The angular range of the grey scale non-reversal
region and high contrast ratio is extremely wide, even
along a quite oblique direction in the IPS mode LCD;
it is the electric field and not the voltage that drives the
liquid crystals. This relationship is due to the independ-
ence of the electric field regarding the liquid crystal layer
normal direction. The threshold voltage of the IPS mode
LCD is thus strongly dependent on the cell gap.

The cell gap margin of the IPS mode LCD is important;
we propose to enlarge the effective cell gap by using
weak-anchoring effects [6]. It has been reported that
the IPS mode LCD has a far narrower cell gap margin
than the TN-LCD; in fact, it is comparable to that of
the super-twist mode LCD [2]. In this case, it was
observed that the narrower the cell gap, the smaller the
cell gap margin. In practice, there are always some
variations in the cell gap, so the study of the threshold
voltage of the IPS mode LCD in the weak anchoring
strength limit is important.

In this paper, we discuss enlarging the cell gap margin
of IPS mode LCDs by using weak anchoring. This will
be studied using the threshold voltage equation assuming
weak anchoring at the LCD surfaces. The second section
discusses this situation with identical weak anchoring at
both interfaces. This is called the symmetrical weak-
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depends linearly on Vy**/V3".

anchoring case. The third section generalizes this result
to the situation where the anchoring is weak, but different
on the two surfaces; this is called asymmetrical weak
anchoring. The final section summarizes our findings.

2. Cell gap margin enlargement with symmetrical
weak-anchoring

The basic switching behaviour of the IPS mode is well
understood with a simple one-dimensional LC con-
tinuum model (along the LC layer thickness direction
coordinate x) with the assumption of a uniform in-plane
electric field [2,4]. This simplified 1D TIPS model is
described by the following equation for positive dielectric
anisotropy (Ae) LC materials:

2

kzzj—xqj—i- goAeE” sin ¢ cos ¢ = 0. (1)
Here, ¢ stands for the in-plane twist angle of the LC
director, &, is the vacuum dielectric constant, E is the
in-plane electric field strength and k,, the twist elastic
constant of the LC material. When the field strength is
lower than the threshold field, the boundary condition is:

$(0)=¢(d)=0 (2)

where d is the cell gap. In these displays, the extra-
polation length b is related to the twist elastic coefficient
k,, and the in-plane twist anchoring coefficient 4, and
is given by the equation b =k,,/4 [7]. The threshold
(Fréedericksz) electric field E, for the weak anchoring
boundary condition is given by the following [2, 87:

E Vc d B V\éveak B 1 . T Vzveak (3)
e TR e G RTAN &
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Here V" is the threshold voltage for the cell with
weak-anchoring effects, V, =m/(k,./(e0Ac))"?/d is the
threshold voltage for the cell with strong anchoring, / is
the electrode spacing and 1 = nk,, /(4Ad) is the azimuthal
anchoring coefficient; evidently b/d = A/x.

We now discuss the situation when there are variations
in the cell gap d of +Ad. Furthermore, our analysis com-
pares the results with weak anchoring to those obtained
assuming strong. Therefore, the relative variation of the
threshold voltage for the strong anchoring limit is given

by [6]:

Virors(d — Ad)— Vit (d+ Ad) _ AVET 2dAd
Vo(d) TV, &—-AL

(4)

where 1 is for the threshold voltage of the cell with cell
gap d. We use u~ and u* standing for u, corresponding
to the cell gap variation of + Ad, respectively. From
equation (3), we can rewrite them as follows:

o Vzveak— B V;veak— 1 Ad
Y T Vd=ad) Y, d

and

weak + weak +
e Lo L 1+ 24\
Vo(d+ Ad) Vo d

Here, Vo(d — Ad) and V,(d+ Ad) are the threshold volt-
ages for cells with gap d+ Ad. The relative variation of
the threshold voltage for the weak anchoring limit is

AVZVeak Vzveak— _ VzveakJr

Vo Ve
_dAd” +uT )+ P —u)
- & — A& :

(5)
Then, the ratio between AVY*** and AV:™ can be

expressed as follows:

AV ek uttu N d
AVSE T2 2Ad

(™ —u). (6)

We can obtain the ratio of the relative transmittance
variation at the grey level voltage when we consider that
the variation AT, is proportional to AV, as reported
by Yoneya et al. [6].

AT wreeak
Gl = gstry
AT

grey

A Vzveak Vzveak
X Uy =

N v,

(7)

From equation (12) in ref. [6], the ratio of the relative
transmittance variation with weak-anchoring and strong-

anchoring conditions at the grey level voltage can be
rewritten as follows, with the form of the threshold
voltage as given by equation (5) in ref. [6]:

ATweak Vweak 2
G, = grey c — 2. 8
2 ATstr S ( VO ) U ( )

grey

Figure 1 shows the computed data from equations (7)
and (8). u; and u, are the ratios between VY*** and V,
reported by us and Yoneya et al. [6]. G; and G, are the
ratios between AT 3 and AT, reported by us and
Yoneya with the cell gap variation of +Ad/d= +0.1.
The experimental and theoretical data in [6] are also
shown in figure 1. The circle and diamond dots are the
experiment data and theoretical result in [ 6], respectively.
Only when b/d< 1, ie. A< 1, can equation (5) in [6]
be obtained approximately from equation (3) [8].
Using the experiment data in [6] we have b/d~ 023
and 4 =0.72, so equation (12) [6] does not agree with
the experiment; and above equation (7) is thus the
correct analysis for the ratio of the relative transmittance
variation of the cell with weak and strong anchoring
surface conditions at the grey level voltage with variation
of cell gap. For an asymmetrical surface anchoring cell,
the evaluation of the ratio AT ;5 /AT5w, is the same
manner from equation (7).

3. Threshold voltage with asymmetrical surface effects

The work of Yoneya [9] leads to an equation for
the threshold electric field in IPS mode LCDs with
asymmetrical surface effects. This field is found by self-
consistently solving the following equation:

2

ros
_Ig+7+(1+r)oczcosﬁ=0. %)
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Figure 1. The grey effect with cell gap variation of +10%.
The circle and diamond dots are the experimental data
and theoretical result in ref. [6], respectively.
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Here, > = Aed” E [ky, = 1° EL e J[EZ = W u*; 0, = /A, with
A =mky,/A,d, is the anchoring coeflicient corresponding
to one surface and r is an asymmetric factor () = ro,
with o; corresponding to the other surface anchoring
coefficient; r = 1 corresponds to the symmetric case and
1< 0 corresponds to the 90° twisted rubbing condition).
By substituting equation (3) into (9), we obtain the
relation between threshold voltage and the anchoring
coeflicient:

— 22w+ r+ (1+ r)Ju cot(nu) = 0. (10)

Usually, we discuss the threshold voltage in relation to
symmetric surface effects. In fact, two surfaces are asym-
metric because of different rubbing conditions, so we
may calculate the threshold voltage by considering this.
Assuming an anchoring energy variation of 10% then
figure 2 shows the relationship of threshold voltage
to anchoring coefficient /1 for two asymmetric factors
r=0.9, 1.1. The relationship between the threshold volt-
age and the asymmetric factor with various anchoring
coefficients 4 are shown in figure 3. When r =0, one of
the LCD surfaces is free relative to the other; there is a
threshold field in the cell with a free boundary (see
figure 4).

4. Conclusion
We performed a numerical analysis concerning the
ratio of the relative transmittance variation of an IPS
mode LCD with margin enlargement and asymmetric
weak-anchoring surface at the grey level voltage. In
practice, there are always some variations in the cell gap
and anchoring energy at LCD interfaces; the qualitative
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Figure 2. Relative threshold voltage versus anchoring coefficient
for three asymmetric factors » = 0.9, 1.0, 1.1.
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Figure 3. Relative threshold voltage versus asymmetric factor
r for various anchoring coefficients 4 =0.1, 0.5, 1.0.
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Figure 4. Relative threshold voltage versus anchoring coefficient
4 for asymmetrical factor r = 0.0.

calculation for a cell with 10% variation in the cell gap
and anchoring energy, agrees well with experiment. More-
over, the ratio of the relative transmittance variation is
less than one, i.e. the transmittance variation is smaller
for the weak-anchoring condition than for the strong
one (see figures 1 and 2).
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