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5We propose in-cell LCD films with a function of compensation films and alignment
layers. The processes used to create these functions exclude mechanical contact
with the films. There is proposed approach decoupling retardation and liquid
crystal alignment. This approach is employed to realize different combinations
of retardation and alignment properties.
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1. INTRODUCTION

The compensation films, color filters and polarizers are indispensable
elements of modern LCD. However, along with improving quality, these

15films complicate display’s construction and technology. The use of pile of
optical films increases thickness of LCD that often reduces their compe-
titiveness in strong competition with OLED devices. The external dispo-
sition of optical films with regard to glass envelope of conventional LCD
causes number of problems, such as mechanical damage, parallax etc. In

20case of flexible LCD, the external arrangement of polarizers may be
ineffective at all, because of parasitical phase retardation of anisotropic
polymer substrates. These problems can be avoided or strongly dimin-
ished by the ‘‘in-cell’’ location of optical films [1,2].

The considerable advance of in-cell technology may be caused by the
25use of multifunctional films. Following this approach one can reduce

the overall thickness of optical films and number of overcoating
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processes associated with film damage and adhesion problem. This
paper considers optical films with dual function: phase compensation
and liquid crystal (LC) alignment. As the methods to induce optical

30anisotropy of the films we use self-organization [3–5] or light induced
ordering [3–8]. The alignment of liquid crystals is generated by photo-
alignment [9,10] or plasma beam alignment procedure [11,12]. These
processes allowed us to realize different types of compensation films
in combination with LC alignment ability.

352. EXPERIMENTAL

Polymer Films and LC Cells

We used four types of alignment materials with structural formulas
presented in Figure 1:

1) PI-1, polyimide containing fluorenilidenediphenyl fragment. It is
40chosen taking into account that PIs with aromatic main-chain cores

form negative C optical films [13].

FIGURE 1 Chemical structures of polymers used for bifunctional films.

364=[766] O. Yaroshchuk and R. Kravchuk



2) PI-2, polyimide with hydrophobic benzanilide fragment. As we
found out before [5,14,15], hydrophobic side chains fragments tend
to be aligned normally to the substrate providing optical negative C

45plate. The LC photoalignment properties of PI-1=PI-2 compositions
have been studied in Ref. [16].

3) Azo-PI, solid solution of azo-dye Disperse Orange 3 (4-(4-nitro-
phenylazo)aniline, Aldrich Chemicals) in polyimide (Du Pont
PI2555). This is the classical photoalignment composition [10].

504) PVCN, polyvinylcynnamate, the other classical photoalignment
material [9].

The films were obtained by spin coating of polymer solution on the glass
slabs preliminarily cleaned. After that the films were backed at the appro-
priate temperature (PI-1, Azo-PI: 220�C, PI-2: 180�C, PVCN: 100�C) over

551.5 h. The thickness of the obtained films was in the range of200–1000 nm.
To induce optical axis with the non-zero in-plane projection, the

films were normally exposed to polarized UV light (10.5 mW=cm2) or
obliquely to a non-polarized UV light (60 mW=cm2, incidence angle of
60�) from the high-pressure mercury lamp. The irradiation was carried

60out stepwise to find dependence of the in-plane and out-of-plane retar-
dations on the exposure dose.

The irradiated films were used as the LC alignment layers. Besides,
for LC alignment we used polymer films subjected to particle beam
alignment action. In the latter case, the substrates were etched with

65a plasma beam from the anode layers source directed obliquely to the
alignment surface (the angle of incidence was about 70�). Different inci-
dence directions of plasma beam were used. The details of plasma beam
alignment method can be found in our recent publications [11,12].

The LC cells were assembled from the tested substrate containing
70polymeric alignment layer and the reference substrate containing

rubbed PI film with predetermined direction of easy axis. The director
configuration in these cells allowed us to determine the easy axis
direction of LC on the tested substrate. The cell gap was 25mm. The
alignment of nematic LC E7 was investigated.

75Methods

The phase retardation properties of polymer films were measured by
transmission null ellipsometry (TNE), which is a modified version of
Senarmont method extended for the measurement of the out-of-plane
retardation. The obtained retardation parameters allowed us to deter-

80mine the eigen values of the refractive index nij and, consequently, the
orientational configuration of aromatic fragments. For that we assume
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that directions of maximal values of nij correspond to the maximally
populated directions of the anisotropic aromatic fragments. The
details of this method can be found in our previous works [5,14,15].

85For the UV irradiated films the retardation parameters were mea-
sured after subsequent irradiation steps. It allowed us to determine
retardation properties of the films for different irradiation doses.

The easy axis direction of LC on the tested substrates was determined
by observation of LC cells in polarizing microscope or in a viewing box.

903. RESULTS AND DISCUSSION

Retardation Properties of Polymer Films

The films of PI-1 and Azo-PI demonstrate properties of negative C
plate (nz < nx ¼ ny), Figure 2. This suggests preferable in-plane align-
ment of aromatic cores. In turn, the films of PI-2 exhibit properties of

95positive C plates (nz > nx ¼ ny), presumably, because of out-of-plane
alignment of fluorinated benzanilide fragments. Finally, films of
PVCN are spatially isotropic. The observed structures are determined
by the processes of molecular self-organization, which, in turn, depend
on the molecular composition [3–5].

100The UV irradiation causes non-essential changes of PI-1 and PI-2
films. In contrast, the retardation properties of Azo-PI and PVCN change
drastically. The phase retardation parameters alter with irradiation dose
showing a tendency of saturation. As an example, Figure 3 presents the
plots of retardation parameters for Azo-PI film corresponding to the case

105of polarized light irradiation. One can see continuous transition from the
negative C film before irradiation to the positive A film (ny > nx ¼ nz) in a
saturation state. The film is biaxial in the transient states. At the
same exposure conditions the PVCN layer transforms from isotropic
state to the state with the properties of negative A plate (nx < ny ¼ nz).

110In case of oblique exposure with a non-polarized light the saturation state
is characterized by uniaxial structure with optic axis tilted towards
exposure direction (optical O film). The latter kind of anisotropic film
is realized for PVCN. Thus, studied polymers allow us to realize major
kinds of compensation films. The other examples of photosensitive

115materials for compensation films we brought in Refs. [5,14,15].

Bulk Anisotropy and LC Alignment

As discussed in Ref. [17], orientational order can be transferred from
the polymer bulk to the polymer surface and then to LC layer, if this
sequence is not broken at the polymer surface, e.g., because of strong
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120self-assembling. In other words, orientational orders of polymer film
and LC layer can be effectively coupled. The obtained results clearly
demonstrate this rule.

FIGURE 2 Orientational order in polymer films and liquid crystal alignment. I –
untreated films of PI-2; II – plasma beam treated films of PI-1 and Azo-PI (a), PI-2
(b); III – photoirradiated films of PVCN (a), Azo-PI (b), PVCN (c); IV – photoirra-
diated and, subsequently, plasma beam irradiated films of PVCN (a), Azo-PI (b),
PVCN (c). Irradiation geometries areschematically shown above the films. Vectors
~kk and ~pp define incidence direction of UV light and plasma beam, respectively.
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Figure 2 shows LC alignment on both untreated substrates and the
substrates subjected to UV, plasma beam and UV=plasma beam treat-

125ment. Note that only examples of uniform LC alignment are given. In
case of non-treated films, as well as the films subjected to UV irradiation,
the LC order (direction of LC uniaxial ordering) is governed by the order
of polymer film. This rule restricts combinations of polymer=LC optical
films to those shown in rows I and III of Figure 2.

130The variety of combinations of polymer=LC films can be infinitely
extended by the use of plasma alignment technique. According to
TNE results, plasma beam action does not influence anisotropic
properties of polymer films (non-treated films and photoirradiated
films as well). At the same time, the easy axis direction of LC is effec-

135tively governed. For demonstration, Figure 4 shows a LC cell contain-
ing PVCN alignment substrate viewed between a pair of crossed
polarizers. The PVCN substrate is exposed to polarized UV light. Sub-
sequently, part of this substrate selected with a mask is exposed to
plasma beam in geometry providing reorientation of easy axis in 90�.

140One can see that this reorientation is effectively realized. Thus,
plasma action overcomes alignment action of UV light. This allows
us to decouple orientational order of polymer and LC films and so to
realize unlimited variety of film combinations. Some of them are
presented in Figure 2 (rows 2 and 4). Noteworthy, the employed

FIGURE 3 The in-plane ðny � nxÞd and out-of-plane ðnz � nxÞd phase retarda-
tions caused by Azo-PI film as functions of exposure time. The film is exposed
to polarized UV light (10.5 mW=cm2) at normal incidence.
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145non-contact alignment procedures allow to pattern bulk anisotropy of
the films and=or LC alignment. It is quite important that retardation
and alignment function of these films can be independently varied.

Finally, the fact that plasma beam action does not destroy anisotropy
of polymer films elegantly proves that active particles (ions and neu-

150trals) bombard only top layer of solid, but do not penetrate to its bulk.

4. CONCLUSIONS

We propose new technical solution for the in-cell LCD technology
based on the use of multifunctional films. To demonstrate this
approach we prepared films with a dual function: phase compensation

155and LC alignment. By combination of UV light and plasma treatment
one can vary the compensation and alignment properties indepen-
dently. The compensation film and=or LC alignment can be easily pat-
terned. In frame of this concept one can substitute some treatment
process with the other one (for instance, one can replace light proces-

160sing by stretching for optical anisotropy induction). The proposed
approach can also be used to prepare other kinds of bifunctional films,
such as polarizer=alignment films, filter=alignment films, etc.

FIGURE 4 The photograph of LC cell viewed between a pair of crossed
polarizers. The reference substrate is rubbed PI, while the tested substrate
is PVCN. The all PVCN substrate is exposed to polarized UV light. Subse-
quently, the part of this substrate (part 2) is exposed to plasma beam in
geometry providing reorientation of easy axis induced by UV light in 90�. It
is evident that in part 2 LC alignment is determined by the plasma beam
action, while in part 1 it is influenced by UV light exposure.

Bifunctional LCD Films 369=[771]



REFERENCES

[1] Iki, T., Lazarev, P., & Paukshto, M. (2004). Information Display, 11(04), 22.
165[2] Ukai, Y., Ohyama, T., Fennell, L., Kato, Y., Paukshto, M., Smith, P., Yamashita, O.,

& Nakanishi,Q1 S. (2004). SID04 Digest, 1170.
[3] Natansohn, A., Rochon, P., Pezolet, M., Audet, P., Brown, D., & To, S. (1994).

Macromolecules, 27, 2580.
[4] Lim, T. K., Hong, S. H., Jeong, M. Y., & Lee, G. J. (1999). Macromolecules, 32, 7051.

170[5] Yaroshchuk, O., Dumont, M., Zakrevskyy, Yu., Bidna, T., & Lindau, J. (2004).
J. Phys. Chem. B, 108, 4647.

[6] Weigert, F. Z. (1921). Phys., 5, 410.
[7] Neporent, B. S. & Stolbova, O. V. (1961). Sov. Opt. Spektrosk., 10, 287.
[8] Dumont, M. & Sekkat, Z. Proc. SPIE., 1774, 188.

175[9] Dyadyusha, A., Kozenkov, V., Marusii, T., Reznikov, Yu., Reshetnyak, V., &
Khizhnyak, A. (1991). Ukr. Phys. J., 36, 1059.

[10] Gibbons, W. M., Kosa, T., Palffy-Muhoray, P., Shannon, P. J., & Sun, S. T. (1995).
Nature, 377, 43.

[11] Yaroshchuk, O., Kravchuk, R., Dobrovolskyy, A., & Pavlov, S. (2002). Proc. Euro-
180display’2002,Q1 421.

[12] Yaroshchuk, O., Kravchuk, R., Dobrovolskyy, A., Qiu, L., & Lavrentovich, O.
(2004). Liq. Cryst., 31(6), 859.

[13] Harris et al.,Q2 US Patents 5,344,916; 5,580,950.
[14] Yaroshchuk, O., Sergan, T., Lindau, J., Lee, S. N., Kelly, J., & Chien, L.-C. (2001).

185J. Chem. Phys., 114(12), 5330.
[15] Yaroshchuk, O., Sergan, T., Kelly, J., & Gerus, I. (2002). Jpn. J. Appl. Phys., Part 1,

41(1), 275.
[16] Nishikawa, M.,Q1 Taheri, B., & West, J. (1998). SID’98 Digest, 118.
[17] Yaroshchuk, O., Zakrevskyy, Yu., Kumar, S., Kelly, J., Chien, L.-C., & Lindau, J.

190(2004). Phys. Rev. E, 69(1), 011702.

370=[772] O. Yaroshchuk and R. Kravchuk


