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Abstract Elastomeric replicas of surface relief structures
were prepared by molding poly(dimethylsiloxane) (PDMS)
precursors against photo-inscribed surface-relief-gratings on
azo polymer films. The PI solutions were micro-contact
printed with the elastomeric PDMS replica on quartz slides.
Good surface-relief-grating structures were formed on the
quartz slides. The quartz slides covered with surface-relief-
grating polymide (PI) films were then assembled into liquid
crystal (LC) cells. The transmittance passing through the cell
between crossed polarizers changed periodically with a reg-
ular 90° separation of the rotational angle. The pretilt angle of
the cell was found to be 2.8°. Results showed that the PI films
with surface-relief-grating structures by this micro-contact
printing process have good liquid crystal alignment ability.
This preparation method of alignment layers can be consid-
ered a potentially useful technique in the LC display (LCD)
industry in the future.

Keywords PDMS, surface relief gratings, micro-contact
printing, alignment layer

1 Introduction

In recent years, new techniques for fabricating liquid crystal
(LC) alignment layers have attracted a wide interest [1-4].
The alignment layers, thin polymer layers existing between
the LC and the substrate of an LC cell, can induce LC mole-
cules to orient in a predetermined uniform direction and play
a key role in determining the function and quality of liquid
crystal displays (LCDs). Conventionally, the alignment layers
are fabricated by the rubbing method, which produces grooves
on the polymer films through contact-rubbing of cloth along
a fixed direction. The rubbing procedure, which has lately
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reached maturity with respect to the preparation process of
active matrix liquid crystal displays, still continues to suffer
from disadvantages such as electrical and mechanical dam-
ages to the underlying layer. This is particularly undesirable,
when that layer is a thin film transistor layer, and particularly
when large scale LCDs are desired.

More recently, photo-induced surface relief gratings (SRG)
have been explored as LC alignment layers [5—7]. Surface
relief gratings can be easily photo-inscribed by exposing the
azo polymer films to an interfering Ar" laser beam pattern
[8—10]. The space period and the modulation depth of grat-
ings can be accurately controlled by adjusting the optical
setup and the irradiation energy of the light. The surface relief
structures can show good capability to induce LC orientation.
However, the azo polymers cannot be considered as an ideal
LC alignment layer material for its deep yellow or red color.

Soft lithography technique has been used as a powerful
tool to fabricate high-quality microstructures and nanostruc-
tures [11-17]. It can offer access to non-flat surfaces and sys-
tems that are difficult to be fabricated by photolithographic
procedures. In this article, a new method for preparing LC
alignment layers through soft-lithographic contact printing
is described. It is a very convenient way to fabricate LC
alignment layers, which could be a promising and useful
technology in the future LCD industry.

2 Experimental

The azo polymer BP-AZ-CA (chemical structure is shown in
Fig. 1(a)) was used to fabricate SRGs, which were used as
masters. The preparation and characterization of the azo
polymer have been reported elsewhere [18]. With interfering
illumination of Ar* laser beams (488 nm) at modest intensi-
ties (120 mW/cm?), significant SRGs were formed on the azo
polymer films. Elastomeric replicas of surface relief struc-
tures were prepared by molding the poly(dimethylsiloxane)
(PDMS) precursor (Dow Corning, Sylgard 184) against the
photo-inscribed SRGs of azo polymer films. The polymide
(PI) polymer chemical structure is shown in Fig. 1(b), and
its preparation was reported in our previous paper [19]. The
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Fig. 1 Chemical structures of the (a) azo polymer; (b) PI polymer; and (¢) liquid crystal 5CB

surface images of the surface-relief-gratings were monitored
using atomic force microscopy (AFM) (Nanoscope Illa, tap-
ping mode). The LC cells were filled with nematic LC (5CB)
by capillary force. The alignment of LC molecules was mon-
itored by measuring the transmitting light intensity passing
through the LC cell set between crossed polarizers.

3 Results and discussion
3.1 SRG fabrication

A p-polarized Ar" laser beam was used as the light source.
Surface relief gratings were optically inscribed on the polymer
films with interfering laser beams. The surface profiles of the
resulting gratings were recorded by using a Nanoscope atomic
force microscope in the tapping mode. Figure 2 shows the
AFM image of the surface relief gratings formed on the azo
polymer film. The space period and depth of the SRGs are
about 830 and 240 nm, respectively. The space period and
modulation depth of the gratings can be accurately controlled
by adjusting the optical setup and the irradiation energy of the
light.

3.2 Stamp preparation and contact printing

Figure 3 shows the schematic illustration of the procedure for
PDMS replicas and microcontact printing. The PDMS pre-
polymer (Dow Corning, Sylgard 184) was obtained by mixing
the elastomer base and the curing agent at a ratio of 10:1
(weight/weight). The precursor was poured in molds fixed on
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Fig.2 AFM image of the surface relief gratings formed on the
azo polymer film
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Fig.3 Schematic illustration of the procedure for PDMS replicas
and microcontact printing
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Fig. 4 AFM image of the surface relief structures on (a) PDMS and (b) PI film

the azo polymer films that had been inscribed with SRGs as
mentioned above and then cured in a 60°C oven for 4 h. After
curing, the PDMS blocks were separated from the molds and
used as stamps for contact printing. Figure 4(a) shows the
AFM images of the replica surface relief structures of PDMS.
It can be seen that the replica surface relief structures have
good quality. The modulation depth of the replica SRGs is
slightly smaller than that of the master gratings due to the
contact of PDMS during polymerization.

Then, PI polymer (chemical structure is shown in Fig. 1(b))
dissolved in tetrahydrofuran (THF) (15 mg/mL) was used as
the ink for microcontact printing with the elastomeric PDMS
on quartz slides. The PI polymers have some required proper-
ties, such as heat stability, photo-stability, high adhesion to
glass and silicon chips. The PDMS stamps were dipped into
the solution (“ink”) for about 1 s and pressed against the sub-
strates in a conformal contact manner for a few seconds. After
solvent evaporation, the stamps were peeled off, leaving the
printed PI microstructures on the substrates. The printed
alignment layers were then dried in a 40°C oven for 24 h after
peeling off the stamps. The AFM image of the SRGs formed
by microcontact printing is shown in Fig. 4(b).

3.3 Assembly and characterization of LC cell

The quartz slides covered with SRG films were assembled
into LC cells, which were filled with a nematic LC (5CB) by
capillary force. It was observed that dark and bright images
appeared by rotating the LC cell between crossed polarizers
under the polarizing optical microscope. This shows the
homogeneous alignment of a nematic liquid crystal. The
alignment of LC molecules was also monitored by measuring
the transmitting light intensity passing through the cell set
between the crossed polarizers Fig. (5). The transmitting
light intensity changes periodically with a regular 90° cycle
of the rotational angle. This observation is qualitatively in
agreement with the following equation, expressing the
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Fig. 5 Plot of the transmitting intensity as a function of rotation
angle of the LC cell

relation between the transmitting intensity (I) and the
parameters [20]

I =1, sin* (2y)sin’ (nhAn/ )

where y is the cell rotating angle relative to the crossed axis
of the polarizer, An is the birefringence of the liquid crystal,
h is the LC layer thickness, and 4 is the wavelength of the
incident light. When the An, & and A remain constant, the
variation in the intensity with the angle y will show a period
of 90°. Thus, the transmitting intensity curve shows that the
liquid crystal molecules have a homogeneous uniaxial align-
ment. This further substantiates the results of the polarized
microscopic observations. The pretilt angle of the LC cell was
found to be 2.8°.

4 Conclusions

Elastomeric replicas of surface relief structures were
successfully prepared by molding a PDMS precursor against



the photo-inscribed SRGs of azo polymer film. Good SRG
structures of PI were formed by micro-contact printing with
the elastomeric PDMS on quartz slides. The PI polymer films
with SRG structures show good LC alignment ability.

Acknowledgements The financial support from project 20504017,
50533040 funded by the National Natural Science Foundation of China
(NSFC) and the Project JCqn2005032 funded by Tsinghua Basic Research
Foundation is gratefully acknowledged.

References

1. Gibbons W M, Shannon P J, Sun S T, Swetlin B J. Surface-
mediated alignment of nematic liquid crystals with polarized laser
light. Nature, 1991, 351: 49-50

2. Shannon P J, Gibbons W M, Sun S T. Patterned optical properties
in photopolymerized surface-ali. Nature, 1994, 368: 532-533

3. Schadt M, Seiberle H, Schuster A. Optical patterning of multi-
domain liquid-crystal displays with wide viewing angles. Nature,
1996, 381: 212-215

4. Ichimura K, Suzuki Y, Seki T, Hosoki A, Aoki K. Reversible
change in alignment mode of nematic liquid crystals regulated
photochemically by command surfaces modified with an
azobenzene monolayer. Langmuir, 1988, 4: 1214-1216

5. Li X T, Natansohn A, Rochon P. Photoinduced liquid crystal align-
ment based on a surface relief grating in an assembled cell. Appl
Phys Lett, 1999, 74: 3791-3793

6. Dantsker D, Kumar J, Tripathy S K. Optical alignment of liquid
crystals. J Appl Phys, 2001, 89: 43184325

7. He YN, Ren HF, Shi L, Wang X G. Surface relief gratings used
as liquid crystal alignment layer. Acta Polymerica Sinica, 2005, 4:
617-619 (in Chinese)

8. Rochon P, Batalla E, Natansohn A. Optically induced surface
gratings on azoaromatic polymer-films. Appl Phys Lett, 1995, 66:
136-138

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

321

. Kim DY, Tripathy S K, Li L, Kumar J. Laser-induced holographic

surface-relief gratings on nonlinear-optical polymer-films. Appl
Phys Lett, 1995, 66: 1166-1168

Ramanujam P S, Holme N C R, Hyvilsted S. Atomic force and
optical near-field microscopic investigations of polarization holo-
graphic gratings in a liquid crystalline azobenzene side-chain
polyester. Appl Phys Lett, 1996, 68: 1329-1331

Kim E, Xia Y, Whitesides G M. Polymer microstructures formed
by molding in capillaries. Nature, 1995, 376: 581-584

. Xia'Y, Kim E, Zhao X M, Rogers J A, Prentiss M, Whitesides G

M. Complex optical surfaces formed by replica molding against
elastomeric masters. Science, 1996, 273: 347-349

Geissler M, Xia Y N. Patterning: Principles and some new
developments. Advanced Materials, 2004, 16: 1249-1269
Hammond P T. Form and function in multilayer assembly:
New applications at the nanoscale. Advanced Materials, 2004, 16:
1271-1293

Unger M A, Chou H P, Thorsen T, Scherer A, Quake S R.
Monolithic microfabricated valves and pumps by multilayer soft
lithography. Science, 2000, 288: 113-116

Liu B, Wang M Q, He Y N, Wang X G. Duplication of photoin-
duced azo polymer surface-relief gratings through a soft
lithographic approach. Langmuir, 2006, 22: 7405-7410

Liu B, He Y N, Fan Y, Wang X G. Fabricating Super-Hydrophobic
Lotus-Leaf-Like Surfaces through Soft-Lithographic Imprinting.
Macromol Rapid Commun, 2006, 27: 1859-1864

He Y N, Wang X G, Zhou Q X. Epoxy-based azo polymers: Syn-
thesis, characterization and photoinduced surface-relief-gratings.
Polymer, 2002, 43: 7325-7333

Ren H F, Guan Y, He Y N, He H F, Wang X G. Polyimide
containing isosorbide units: Synthesis and characterization. Acta
Polymerica Sinica, 2006, 2: 248-252 (in Chinese)

Ichimura K, Akita Y, Akiyama H, Kudo K, Hayashi Y. Photoreac-
tivity of polymers with regioisomeric cinnamate side chains and
their ability to regulate liquid crystal alignment. Macromolecules,
1997, 30: 903-911




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


