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A liquid-crystal (LC) photoalignment method, based on the use of low-molecular-weight
photo-cross-linkabléLMWPC) composites is proposed. The basic idea of this method is that cross
linking or both cross linking and polymerization of LMWPC composites are realized immediately
on the substrate simultaneously with the photoalignment or as a stage of the backing process.
Providing the advantages of a conventional photoalignment method, the use of LMWPC composites
simplifies the synthesis and alignment procedure, makes possible wide range control of pretilt
angles, and enhances the thermal stability of the LC alignment. The abilities of this method are
demonstrated using a series of cinnamate-containing monomer200® American Institute of
Physics. [DOI: 10.1063/1.1381567

liquid-crystal alignment method, is a promising technology

for manufacturing a variety of liquid-crystal displagisCDs)

including the liquid-crystal-on-silicon displays where the CH2=CH-(CHz)nO—@CH:CH—COO—@O(CHg)mCHg
substrates are sensitive to rubbing. This technique avoids
many drawbacks of the traditional rubbing technique for LC
alignment, such as sample contamination and static charge All prepared monomers are highly soluble in common
generation. The LC photoalignment typically uses films oforganic solvents. The LC photoalignment composites were
photo-cross-linkable polymers where photosensitive sid@repared as mixtures of monom@nonomergand 10 wt %
groups are dimerized via illumination with linearly polarized rgacure 369 photoinitiatorfor 20 wt% AIBN, bis-

UV light.! Several types of photo-cross-linkable poWmers(azoisobutylnitrilg‘;] thermal initiator. These compositions

have been used for LC photoalignment. Among them, polyVere solved in dichloroethane or 2- butanone with a concen-

. o 20 . : .
mers containing cinnamateand coumarif photo-cross- tration of 1%-5% by weight. The filtrated solutions were

linkable groups are the most widely studied. Photodimeriza>P"" coated on glass substrates covered by ITO coatings as

. S . . L ... well as on the substrates covered by rubbed layers of poly-
tion, appearing in such polymer films upon illumination with . !

i | larized UV liaht. lead h . ¢ surf imide Pl 2555. The coated monomer films were kept at
In€éarly polarize Ight, leads to the generation of sur aC€60 °C for 10 min in order to remove all of the solvent. Then,

anisotropy and unidirectional LC alignment. Simultaneously,mrnS containing a thermal initiator were baked at 180 °C for
this process increases the rigidity of the films. 10-90 min for polymerization. The polymerization of the
One can anticipate that alignment films prepared fromjims containing the photoinitiator was achieved through ir-
low-molecular-weight photo-cross-linkableMWPC) mate-  radiation with nonpolarized polychromatic UV light of a Xe
rials can also be solidified and used for LC alignment afteamp (10 mwi/cnt, 15 min or with the polarized light of
irradiating the films with linearly polarized UV light. More- intensity 5—10 mW/crh simultaneously with induction of
over, multifunctional materials containing various cross-the anisotropy. The anisotropy in the aligning substrates was
linkable and polymerizable groups may serve equally welinduced in two steps; the films were irradiated with the non-
for the same purpose. polarized light(30 mW/cnt, 1 min), followed by polarized
The aim of this letter is to demonstrate a type of LClight (10mWi/cnt, 4 min). The incident angle of the light
photoalignment based on LMWPC multifunctional materialswas 45°. Oblique irradiation with nonpolarized light was
containing a photo-cross-linkable and a photopolymerizabl@&eded to remove the pretilt degeneracy. This process brings
group. Our approach to producing a liquid-crystal a”gnmemasymmetry in the orientational distribution of cinnamate

film utilizes a series of cinnamate-containing monomers fOI{ratgmentfs ;ﬂ the.||ght |n;:|den<?te plane.. The m?tmm.al cdqngen-
. ration innam nits remainin r irradiation
which the molecular structures are as follows: ation ot the cinnamaté units remaining are adiatio

should be in the direction of the light propagation, since the
cross-linking efficiency in this direction is minimized. So,
the direction of the LC pretilt is given by the inclination
3 Author to whom correspondence should be addressed; direction of the exc_iting light. Two types of cells were pro-
electronic mail: Icchien@Ici.kent.edu duced:(a) symmetrical cells, consisting of two ITO-coated

Liquid-crystal (LC) photoalignment, a nonrubbing CH2=CH»COO(CH2)60@CH=CH—coo@cN
M

Mz (n=1, m =0), M3 {n=4, m =0}, M4 (n=4, m =7)
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TABLE I. LC alignment on the studied LMWP@, planar;h, homeotro-

pic). @
No. Material E7 ZL1 2293

1 M1 p/h? p

2 M2 p o] A

3 M3 h p

4 M4 h p'h?

<—F——>P

Homeotropic alignment obtaineq either under photopolymerization at room — T LC alignment
temperature or short-term backi$80 °C, 10 min.

glass slides with LMWPC overlayers; anty) combined
cells, with one substrate covered by
LMWPC, and the second one by rubbed Pl 2555. Nematic
mixtures E7 and ZLI 2293both from Merck were filled at
the isotropic state into the cells with a 5—afn cell gap. An
azimuthal anchoring energy was calculated through measure
ment of the twist angle in the combined céllA. polar an-
choring energy was estimated using the electro-optical
method developed in Ref. 5. The pretilt angle in the cells was
measured by the crystal rotation mettfod.

The studied LMWPC materials provide various types of
alignment for the chosen LCs. The results are presented i
Table I. Some materials provide both planar and homeotropic
alignment depending on the curing conditions. The homeo-
tropic alignment is usually achieved when backing time
<15min, whereas at,>30min planar alignment is ob- (¢) -
served.

Materials M1 and M2 provide planar alignment for both
LCs. A typical symmetrical cell with planar alignment is pre-
sented in Fig. (a). Figure Xb) illustrates a three-domain LC
cell combined from a rubbed Pl 2555 substrdtettom and
photoaligned M2 substratéop) viewed between a pair of P
crossed polarizers. The PI rubbing direction is parallel to the
polarizer. The quality of the LC alignment is the same as that /
of the best photoaligning polyméFigs. 1(a), 2(a), and Zb)]. i
Figure 1b) demonstrates that the direction of the easy aXI%IG. 1. Photographs of LC cells fabricated by the LC photoalignment

of the LC alignment is induced perpendicularly to the light yethoqd using LMWPC material§a) A LC cell consisting of ITO-coated

polarization directionE and could be easily controlled by glass slides with M2 alignment layers is viewed between a pair of crossed
changing the direction oE. The pretilt angle of the LC Ppolarizers as indicated by the double arrows. The LC molecules have a
homogeneous alignment and a 1.5° pretilt angle with the director parallel to

a“gnment on materials M1 and M2 measured in both Sym-the polarizer(b) A three-domain homogeneously aligned LC cell combined

metrical and combined cells is 1°~2°. The value of polaryith m2 and rubbed PI 2555 aligning layers viewed between paired polar-
anchoring energyV, estimated for E7 aligned on M1 and izers with the LC optic axis aligned 0°, 45°, and 90° with respect to one of

M2 was within (O.8—1.5)< 10—4 J/mZ. This value is close to the polarizers_(c) A homeotropicglly aligned LC csll with M4 layers viewed
the values obtained earlier with the same method for rubbeff™u9" @ Pair of crossed polarizers with an 88° pretilt angle.
Pl substrate$.

LMWPC materials M3 and M4 provide homeotropic In the case of photoinduced polymerization, we also ob-
alignment for LC E7[see Fig. 1c)]. The pretilt angle esti- tained samples with planar and homeotropic alignment with
mated in the symmetrical cells is 88°—88.5°. This showshe alignment quality achieved for the case of thermal poly-
that LMWPC materials can be useful for vertically aligned merization. If a LMWPC film is first irradiated with nonpo-
displays. The LC alignment on all studied LMWPC materialslarized light, subsequent irradiation with polarized light in-
is thermally stable; a sample kept at 120 °C for 0.5 h did noduces the easy axis of the LC alignment perpendicularly to
damage the LC alignment. the direction of the light polarization. The dependenc®\gf

Figure 2 shows the dependence of the azimuthal anchopn the exposure dosage for the M2 aligning film is presented
ing energyW, on the UV illumination dose for the M1 and in Fig. 3 (filled circles. This curve is similar to the corre-
M2 layers backed at 180 °C over 60 min. For comparison, irsponding curve for the baked filrtFig. 2, filled circles,

Fig. 2 we present data the for photoaligning polymer, poly-except the maximal values ®¥, are one order of magnitude
(vinyl cinnamatg¢ (PVCN). The maximal values oW, for  lower. Interestingly, the curve corresponding to the M2 film
M1 and M2 are the same as that for PVCN. Significantly, Mlirradiated only with polarized lightopen circles in Fig. B
and M2 require less irradiation dosage in induction of maxi-shows a nonmonotonic behavior. For the low irradiation dos-

mumW, . age (less then 2 J/cA), the easy axis is induced parallel to
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the easy axis with the increasing irradiation dose as the com-
petition of two aligning mechanisms associated with the pro-
cesses of photodimerization and photopolymerization pro-

601 o° . Y viding LC alignment perpendicularly and parallel to vector
. ¢ M2 E, respectively.
w0l % 4+ PVCN It is possible to realize different LC alignment param-
. eters(pretilt and twist angle, anchoring strengtsing mix-
% tures of LMWPC materials to achieve different LC align-

20 1 ment. As listed in Table I, M2 and M3 provide planar and

Azimuthal anchoring energy / x107 Jm?

© homeotropic alignment for the E7 LC, respectively. We pre-
o _3 pared symmetrical cells with various ratios of M2 and M3 in
0 10 20 20 0 50 60 the photoalignment layer. A sudden decrease in the pretilt

llumination dosage / Jom™2 angle (from homeotropic to planar alignmenis observed
o _ _ when a ratio of M3 and M2 in the composition reaches 1:4.
FIG. 2. lllumination dosage dependence of the a;lmuthal anchorlng‘ energ;f_he retilt angle of planar alignment can be tuned from 4.5°
of E7 LC on baked MX(open circley M2 (close circley and PVCN(tri- p g . p . g - ; ;
angle$ substrates. to 1° by further increasing the M2 concentration in the mix-
ture.

the polarization directioie, while for the higher dosage the The LMWPC films spin coated on the rubbed Pl sub-
easy axis is induced perpendicular Eo This phenomenon strates modify the LC alignment caused by these PI sub-
allows us to modulate the direction of the LC alignment bystrates. The LMWPC overlayers solidified through baking or
changing the irradiation dosage. This method, comprising siirradiation with nonpolarized UV light provide LC alignment
multaneous solidification and alignment induced with polar-in the rubbing direction of the PI films. However, the
ized light, simplifies the synthesis of the photoaligning ma-LMWPC overlayers change the pretilt angle produced by
terials and reduces the number of curing steps of the aligningubbing. For instance, the pretilt angle for LC E7 on the
substrates. It is especially useful for applications requiringubbed PI substrates covered with M2 is 1°, while for the
low-temperature curing processes. Since the photoinducdsare Pl substrates the corresponding value is 3°. Irradiation
solidification occurs at ambient temperature, this technique isf the LMWPC overlayers with polarized light, having the
indispensable for preparing LCDs on plastic substrates.  polarization direction not perpendicular to the direction of

To summarize the peculiarities of the in-plane photo-rubbing, induces LC alignment in a direction different from
alignment, two types of curing conditions should be selectedthe rubbing direction. In general, the combined alignment
(1) LMWPC layers are thermally or photopolymerized be- layer technique provides flexibility in the LC alignment de-
fore photoalignment(2) Phototopolymerization proceeds si- sign and good alignment quality.
multaneously with photoalignment. In the first case, the easy To conclude, we have demonstrated the use of a noncon-
axis of the LC alignment appears in the direction perpendicutact LC photoalignment method based on LMWPC compos-
lar to vectorE. This is in full agreement with the results ites in fabricating liquid-crystal displays. Indeed, the evi-
obtained for cinnamate-containing polymér§he surface dence suggests that the LC photoalignment obtained from
anisotropy is caused by the angularly selective photo-cros&-MWPC films has the same quality, anchoring parameters,
linking of cinnamate groups. In the second case, two LCand the stability of alignment, as those of the best photo-
alignment states with the easy axis parallel and perpendiculalignment polymers. In addition, we explored the advantages
to E are observed. We explain the orientational transition ofof LMWPC composites such as ease of synthesis, reduced

preparation of the aligning film, and low-temperature curing.

e 6 The LMWPC materials are capable of providing LC photo-
% 5 | . . alignment With a wide range of preti(ta_mging from planar
3 s to homeotropit as well as patterned alignment.
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