RLCC 2006, Vol. |,
Reprints avatlable direetly from the pubiisher
Plotocopying permitied by Heonse only

Micro-Contact Printing Methed g
for Patterning of Liquid Crystal Alisnment Layers

Jong-Wook Jung', Hak-Rin Kim?, You-Jin Lee', Min-Soo Shin', and Jae-Hoon Kim">>"

' Department of Information Display Engineering, Hanyang University

* Research Institute of Information Display, Hanyang University

? Department of Electronics and Computer Engineering, Hanyang University

Heangdang-dong, Seongdong-gu, Seoul 133-791, Korea

* jhoon@hanyang.ac.kr

We proposed a micro-contact printing method for producing multi-domain liquid crystal

(LC) alignment with patterned alignment layers. Qur results showed that conventional LC

alignment materials could be selectively transferred to an ITQ substrate or a different polymer

layer by controlling surface wetting properties of a patterning material during the micro-

comtact printing procedures. The proposed patterning method is particularly simple and thus

casily applicable to several LC devices such as wide-viewing LC displays (LCDs),

transflective LCDs, and diffractive LC devices requiring spatially patterned LC orientations.

1. Introduction

The electro-optical (EO) properties of liquid
eystal (LC) devices highly depend on a LC
geometry  determined by  surface  alignment
conditions. Recently, patterning methods of a 1.C
alignment layer for producing a multi-domain LC
stucture have  attracted much  attention  for
enhancing EQ properties in many LC applications
including a wide viewing LC display, a
iransflective 1.C display [1], and diffractive LC
devices. As patterning methods of single LC
alignment  surface, mechanical micro-rubbing
methods by direct scribing with an atomic force
microscope tip [2] or a metallic ball sphere [3], [4]
and optical holographic methods [5] using photo-
sensitive  LC  alignment matcrials have been
proposed. As methods for producing nwlti-domain
LC structures with patterned nwilti-layers, photo-
Jithographic etching methods [6] were proposed.
However, conventional multi-domain  alignment
amethods were unattractive in thal cumbersome
sevaral processing steps andfor long processing
time were required. Recenl research result using
sl method  [7] using specific
ecular binding on a chemicalty modified

surface showed relatively simple fabrication
procedures. However, it seemed that stability and
durability of LC anchoring had to be further
examined,

in this paper, we propos¢ a micro-contact
printing method of LC alignment layers for
producing multi-domain LC structures. By
controlling  pattern-transfer conditions such as
baking procedures of solvented polymers and
facilitating  wetting properties of pattering
materials on a.mold surface and a base surface
during micro-contact printing procedures, patterned
LC alignment surfaces were easily produced on an
ITO surface or other polymer surfaces with
comumerciaily available, conventional LC alignment
agents such as polyimides (PIs).

2. Experimental

in our fabrication process, the patterning of an
alighment layer was executed by single step of
micro-contact printing without any etching process
and any photo-mask process, as shown in Fig, 1.
Fig. 1 shows the schematic ilustrations of our
micro-contact printing procedures for patterning
LC alignment layers. First, a patterning materiat (PI
1} was spin-coated on a mold structure which was
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Iigure 1. Schematic llustrations of micro-contact
printing procedures for patterning LC alignment
fayers

Table 1. Contact angles of solvented Pis on base
substrates.

Base subsirate
503 7o _RNH?!) ALIHSE? |

JATSL3TE | 4240 1390

RNL99 | 2830 | 3B4° 3420

Solvented
Pl

ALIH659 10.6° | 10.7¢ 1600

fabricated by a photo-tithographic method using a
negative photoresist of SU-8 (MicroCheni). As
patterning materials, commerciatly available Pls,
AL1H659 (ISR Co.), RN1199 (Nissan Chemical
Ind.), and JALS1371 JSR Co.) were tested in our
experiment, where AL1H659 was a homeotropic LC
alignment agent and RN1199 and JALS1371 were
planar LC alignment agenis. When the curing
process for imidization of Pls was executed during
the micro-contact printing, a uniform pattern transfer
from the mold surface to the base substraie could not
be obtained and much of the patterning materials
were remained on the mold surface. Such problems
were solved by executing the imidization process of
the Pls after reraoving the contact. In owr procedures,
wransfer of PL pattern took place in the first pre-
baking process above the boiling temperature of
solvents in the Pls. Before transferring the patterning
material to the base substrate with micro-contact
printing, the base substrate was pre-heated to the
pre-baking temperature of the patterning material,
which enhanced adhesion of the patterning matertal

o JALS13T

(a) (b}
Figure 2. Patterning of planar LC alignment P layers
on the ITO surface, (a) and {b) are the microscopic
images of patterned JALS1371 layer and patterned
RN1199 layer, respectively, on the ITO surfaces.

to the base substrate. As the surface to be patterned,
a bare ITO or a coated polymer (PI I with a
different LC-anchoring could be used. After placing
+he Pl-coated mold structure on the bhase substrite,
the contacted structures were kept in the oven
above the pre-baking temperature of PI . During
the first thermal treatment with contact, the
patterning material on the patterned mold substrate
was transferred to the base substrate. Then, the
mold structure was removed and the patterned
alignment layer was cured for the PI imidization.
Since the solvents in PIs were vaporized during the
pre-baking treatment, the mold structure could be
easily removed without degrading the precision of
the patterning. With the proposed patierning
method, the LC anchoring at the surface can be
spatially modified in easy axis orientation, pretilt,
and surface anchoring energy hy sclecting different
alignment materials and base surfaces.

3. Result and Discussion

Figs. 2 (a) and (b) show the microscopic images
of the patterngd homogeneous alignment Pls on an
ITO surface, where Figs. 2 (a) and (b} are obtained
with JALS1371 and RN1199, respectively. When
JALS1371 was used for a patterning material in the
proposed  micro-contact printing  procedures,
uniform PI pattern was obtained, Whereas,
patterned result of RN1 199 was highly nonuniform
ones, where the thickness of the patterned PT layer
showed much variation within cach patterned ares.
These results originated in surface wetting
difference of patterning materials between on the
mold surface and on the base surface. in Table 1,
{he contact angles of JALS1371 and RN1199, n
solvented state, on the SU-8 mold surface and the
[TO base surface are presented. The contact angles
on the ITO surface showed similar values in both
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4, Conclusion

We proposed a patterning method for generating
multi-domain LC structure, which could be realized
with conventionai LC alignment materials. By
controlling baking conditions during our micro-
contact printing procedures and facilitating relative
wetting difference of a patterning material between
on the mold surface and on the base surface, we
could obtain uniformly and precisely patterned
alignment layers on a bare ITO surface or other
polymer surfaces. Our simple micro-contact
printing method is expected to be a very useful tool
in enhancing or designing EO properties of L.C-

based devices requiring multi-domain LC structures.
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