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Self-formation of microdomains by the topographical and fringe field
effects in a liquid crystal display with dielectric surface gratings

Tae-Young Yoon, Jae-Hong Park, JaeSung Sim, and Sin-Doo Lee®
School of Electrical Engineering, ENG420-032, Kwanak P.O. Box 34, Seoul National University,
Seoul 151-742, Korea

(Received 7 May 2002; accepted for publication 5 August 2002

We report on the self-formation of microdomains by the topographical and fringe field effects in a
twisted nematic liquid crystal display.CD) with dielectric surface grating®SG). A regular array

of the DSG produces periodically aligned microdomains in each pixel because of the topographical
alignment of the LC and the spatial variations of the effective voltage across the LC layer. The
mutual optical compensation within each pixel is naturally achieved and thus the range of viewing
in the LCD is significantly extended without complex surface treatment20@2 American
Institute of Physics.[DOI: 10.1063/1.1510156

One of the most widely used liquid crystal displays pixel. Basically, the strengths of the topographical and the
(LCDs), the twisted nemati¢TN) LCD, has suffered from GFF effects are governed by both the geometrical factors and
poor viewing properties that originate intrinsically from the the dielectric property of the DSG. The periodicity of the
asymmetrical nature of the LC alignment irrespective of theDSG should be on the order of Am to produce a uniform
driving scheme whether a passive multiplexing or an activealignment of the LC by the topographical efféctSince the
matrix driving is employed.Various methods have been de- GFF effect depends on the dielectric properties of the DSG
veloped to solve the narrow viewing problem of the LCDs.relative to the LC, the GFF effect may be described in terms
For example, multidomains are often used for compensatingf a scaled quantity¢, defined as the effective voltage per
the optical asymmetry in each pixelFor obtaining such unit thickness across the DS@ysc/h, scaled by the effec-
multidomains in each pixel, at least two easy directionstive voltage per unit thickness across the LC layérg/€,
should be generated for the surface alignment of the’ LC.whereh and ¢ are the thickness of the LC layer and the
However, the surface treatment usually involves complexeight of the DSG on the substrate, respectively.
processes such as multiple rubbing and photoexposure. We first derive an expression f@rin terms of the effec-

Recently, in the vertically aligned LCD configuration, tjve dielectric constant of the LC layeg(c) and that of the
the distortions of the electric potential in the LC layer havepsg (o). Consider that both and¢ are periodic inx as
been utilized for creating symmetric elastic distortions of thespown in Fig. 1. Assuming that no polarization of the LC
LC so that a wide viewing characteristic of the LCD is appears on a macroscopic scale, the electric displacement has
achieved® Since no complex surface treatment for the LC only thez componentD,, that is uniform. Under these cir-
alignment is involved, these methods are known to be Simp'%umstances, the effective voltages per unit thickness,
and cost effective. The electric potential distortions are Proy ../h andV /¢, are simply proportional t®,/epse and
duced by patternedor nonplanar electrode® or a two- D,/e.c, respectively. This directly leads #= e, c/epsc.

dimensional array of dielectric surface relief structtre. Since the value of is periodic with the DSG along the
These distortions can be denoted by the electrode fringe field

(EFP and the grating fringe fieldGFF), respectively. Al-
though the GFF effect is expected to play an important role P N
in the LCDs, the GFF effect has not been well understood so ~ Electrode— | m————————————— /4 Vo

far. Moreover, an attempt to combine the GFF effect with the DSG— x
topographical alignment of the 1°C has not been made yet. /_
Therefore, it is important to explore the possibility of using P : :
dielectric surface grating€DSG) on a planar electrode to i AN e
. . Electric A SR S

produce the topographical alignment of the LC as well as the Equi-Potential P : :
GFF effect. Plane ™a ' ' - ' v 204V,

In this work, we propose a concept of spontaneously :
forming periodic microdomains in each pixel of the TN LCD SR S S S
with the DSG when the GFF effect is combined with the Electric 7 i °F
topographical alignment of the LC. In such a self-forming Field o i
microdomain structure, the range of viewing in the LCD is \— S 114V,
expected to be greatly extended since the mutual compensa- & L e~ CERERY
tion of the optical retardation is naturally achieved in each X 074 V,

FIG. 1. The cross-sectional view of the spatial variations/pf and the
3Electronic mail: sidlee@plaza.snu.ac.kr fringe field lines produced by the GFF effect & 3.0.
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axis, the spatial average ébverx is physically meaningful. 90 ———
The dimensionless dielectric paramegds then given by

_ (e 60 -

€DsSG

&Y

The bracket denotes the spatial average aveFhe param-
eter £ can be used for describing the main features of the / > Region
GFF effect created by a DSG in the LC cell. In fact, a subtle I / —— "N" Region
change in the GFF effect can be precisely controlled by the 0 1 . .
change in(e ¢) t0 epgg. For é~1, no GFF effect will exist 0 1 2 3 4 5
and only the topographical alignment of the LC will appear Vo !/ Vinn
as a function of the periodicity of the DSG. However, fr
>1, a strong GFF effect is produced while <1, a GFF
effect resembling the EFF effect of a nonplanar electrode is
expected. Note that fof>1, the spatial variations of the
effective voltage across the LC layeV () due to the GFF
effect are enhanced. A typical example of spatial variations
of V| ¢ and the resultant fringe field lines in the LC cell with
the DSG of¢é=3.0 are shown in Fig. 1. The DSGs iD"
and those in N” are the hills and the valleys. And the di-
mensionless height of the region and that of th&l region, 0 | . - -
scaled by the cell thickness, are 1/8 and 1/20, respectively. 0 1 2 3 4 5
We now examine the GFF effect on the Fredericks tran- Vo !/ Vinn

sition in the TN cells for two cases @>1 and{<1. The

FIG. 2. The midplane tilt angle i and that inN as a function of the

cell parameters_ :_:1re assumed tOH@j—Z‘:.O.S.,um, hy=0, a_'nd applied voltageV, scaled by the Fredericks thresholg, y in N for (a) &
{p=5.5um, giving {;=6.5um which is the cell thick- 1 and(b) é<1. The self-formed microdomains are expectedan
ness. The dielectric constant of the DSG material, AZ-6612

of Clariant Co., isepsg=5.1. For the cell 0€>1, the ma- 54 that practicallyhy 0. The materials being used for the
terial parameters of a commercial L(ZLI-4900-100 of | ¢ ang the DSG were ZLI-4900-100 and AZ-6612. The TN
Merck Co) are used: the dielectric constgntsg(e”) cell was obtained by assembling two DSGs perpendicular to
=(7937.7) at 1 kHz and the elas7t|c constantSeach other with no additional alignment layer and injecting
(K1,K2,K3)=(16.3,9.523.3) in unit of 10" dyn. The  he'| ¢ into the cell. The cell gap was 6:m, giving ¢
value of € ¢ increases withV ¢ from 7.9 to 37.7, giving g 22 ;m and¢,=6.24 um. Figure 3 shows a photograph
1.55<£=7.39. For the cell o€<1, the same material pa- ot the TN cell taken under crossed polarizers/gt=2.1 V
r:ageiegsl) (:Ptlarkl—fgzr;e LZ‘Z q d':'ili(ascrtgganzot;i:z(tassi freonzn (§=3.8_). Clearly, an array of self—formed.micrqdom.ains in
o ' each pixel can be seen and the transmitted light intensity

0.42 to 1.00 with increasiny, c. Using the earlier param- 4,41 the cell varies periodically with the DSG. As shown
eters, we carried out numerical simulations to study the GFF,

, R . n Fig. 3, each unit cell consists of four bright domains in the
effect on the Fredericks transition in the TN cells with the

) ! ; corners D), one dark domain in the centeN), and four
DSGs of two differenté’s. A commercial LCD simulator, gray domains §) at the sides. The DSG configurationsin

LCD Master of Shin Tech Co., was partly utilized for the S, andN are two-sides occupied, one-side occupied, and not
numerical simulation. In Fig. 2, the midplane tilt angle in the ;0 hieq, respectively. In other TN cells with the DSG of the
D region, 6 , and that in theN region, dy, are plotted as a e jqgicity longer than 1m, no uniform microdomain ar-
function of the applied voltag¥, scaled by the Fredericks oy \yas ohserved under an applied voltage. This is consistent

thresholdVy, y in the N region. For the cell 08>1 (ZLI- it the fact that the DSG with long periodicity is not ca-
4900-100, tr_le actual value o¥, is found to be 1.00 V iD pable of aligning the LC by the topographical efféct.
and 0.78 V inN. For the cell of¢<1, the values o, are

2.67 VinD and 2.48 V inN. It should be emphasized that
the difference in the midplane tilt angle betwenand N,
A@, increases with/y, reaches a maximum, and eventually
vanishes in the high voltage limit. Moreovef for £>1 is
always larger than that foé<1 because of the enhanced
spatial variations oY/, . As will be discussed later in Fig. 4,
self-formed microdomains will be observed only for 1.
Based on the earlier ideas, we fabricated our TN cell
with the DSG ofé>1. The periodicity of the DSG was 6.0
pm. The widths of the hills and the valleys of the DSG were

: IG. 3. The photograph of our fabricated TN cell with the self-formed
2 and 4 um, respectively. The measured parameters Werﬁqicmdomains taken under crossed polarizer¥@t 2.1V (¢é=3.8). The

hp=0.79 um andhy=0.28 um. Note t_hat the DSG_’ layerin  ynit cell consists of four bright domains @ at the corners, one dark
N was not completely etched out during the etching processomain ofN in the center, and four gray domains ®fn the sides.
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FIG. 4. The criteria for the self-forming microdomains by the topographical
alignment and the grating fringe field effect of the DSG in the plane of the

periodicity and the dimensionless dielectric paraméter 270
The criteria for self-forming microdomains are given in (b)

terms of the periodicity of the DSG and the magnitudet of

in Fig. 4. In order to obtain the topographical alignment of 150

the LC and the spatial variation of -, the periodicity 0%

should be on the order of &Am and the dielectric parameter
should beé>1. The periodic microdomains will be sponta-
neously formed only in this case. As shown in Fig. 4, a GFF
effect resembling the EFF effect of a nonplanar electrode 210
occurs foré<1, and the topographical alignment effect dis-
appears with increasing the periodicity above A.” The
criteria presented here should provide a basis for tailoring the 270
electro-optic performances of the LCDs by adjusting the , , ,
geometical factors and the dielectrc parameters of the DSGL.>, & The 9% seae repesniaton o e soliminere mase ot

In Fig. 5, the gray scale representation of the iSO-psG atv,=2.1 (¢=3.8) for the given gray level of 45% in the normally
luminance maps of a conventional TN c@kll gap: 6.3um,  white mode.

cell I) and our fabricated TN cell with the DS(@ell 1l) are microdomains in each pixel of the TN cell with the DSG

3“‘1‘” n with the_ posmv_e vertical viewing dlrectlbdenoted should be useful for eliminating the contrast inversion of the
by 8. The luminance in the normal direction of cell Il at TN mode

Vo=2.1V (£=3.8) corresponds to the gray level of 45% in
the normally white mode. For cell |, the same gray level is  This work was supported in part by the Ministry of In-
obtained atvVy=1.5 V. The Fredericks thresholds for cell | formation and Communication through the Advanced Back-
and theN region of cell Il are found to be about 0.79 and bone IT technology development project. The authors are
0.86 V, respectively. The luminance in the normal direction isgrateful to M.-O. Jin of Merck Korea for providing them
set as 100% in each gray scale representation. For the cellith the LC materials and technical help.
shown in Fig. %a), a dark region is found to be as wide as
+80° with respect t&. For cell Il shown in Fig. &), how-
ever, the bright region is far extended and the dark region is'P. Yeh and C. GuQptics of Liquid Crystal Display$Wiley, New York,
o - - 1999.
as nar.rqw ast25 .Wlth respect t@. Note that’ I.n Fig. ), 2M. Schadt, H. Seiberle, and A. Schuster, Natt®ndon 381, 212
the minimum luminance of the dark region is larger than ;q94°
30% of the luminance in the normal direction, which greatly 3J. chen, D. R. Bryant, D. L. Johnson, S. H. Jamal, J. R. Kelly, and P. J.
eliminates the contrast inversion of TN mode. This agrees4Bos, Appl. Phys. Lett67,d1990(l995- L on (1993
; ; ; ; ; S. H. Lee, S. L. Lee, and H. Y. Kim, Appl. Phys. Left3, 2881(1998.
well with our numencgl smulagon%.lt is the_n concluded“ 53.H. Park, J.-H. Lee, and S.D. Lee, Mol. Cryst. Liq, Cnas7, 801
that the self-formed microdomains in each pixel play a criti- (5003,
cal role on extending the range of viewing in the LCDs. 6C. J. Newsome, M. O'Neil, R. J. Farley, and G. P. Bryan-Brown, Appl.
In summary, we have demonstrated that the self- Phys.Lett72 2078(1998; D. C. Flanders, D. C. Shaver, and H. I. Smith,
. - . Lo . _ibid. 32, 597 (1978.
formation of periodic _m|crod0ma|ns is predominantly 9gov- 7\, Nakamura and M. Ura, J. Appl. PhyS2, 210 (1981 Y. Kawata, K.
erned by the geometrical factors of the DSG and the dielec- akaton, m. Hasegawa, and M. Sakamoto, Lig. Crg6t.1027(1994).
tric parameters of both the LC and the DSG. The self-formed?T.-Y. Yoon and S.-D. Leéunpublisheg
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