This article was downloaded by: [University of Haifa Library]
On: 11 August 2012, At: 10:46

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,

UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl20

PREPARATION OF VERTICALLY
HETEROSTRUCTURAL
MULTILAYER MICROPATTERNS
USING PATTERNED MULTILAYER
TEMPLATES

Sangcheol Kim # , Hongseok Jang # & Kookheon Char
a

& School of Chemical Engineering, Seoul National
University, San 56-1, Shilim-dong, Kwanak-gu, Seoul
151-744, Korea

Version of record first published: 15 Jul 2010

To cite this article: Sangcheol Kim, Hongseok Jang & Kookheon Char (2003):
PREPARATION OF VERTICALLY HETEROSTRUCTURAL MULTILAYER MICROPATTERNS USING
PATTERNED MULTILAYER TEMPLATES, Molecular Crystals and Liquid Crystals, 407:1,

57-62

To link to this article: http://dx.doi.org/10.1080/744819013

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-

and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,



http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/744819013
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 10:46 11 August 2012

sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [University of Haifa Library] at 10:46 11 August 2012

Taylor & Francis

Mol. Cryst. Lig. Cryst., Vol. 407, pp. 57/[453]-62/[458], 2003
e Taylor & Francis Group

Copyright © Taylor & Francis Inc.
ISSN: 1542-1406 print/1563-5287 online
DOI: 10.1080/15421400390263811

PREPARATION OF VERTICALLY
HETEROSTRUCTURAL MULTILAYER
MICROPATTERNS USING PATTERNED
MULTILAYER TEMPLATES

Sangcheol Kim, Hongseok Jang, and Kookheon Char*
School of Chemical Engineering, Seoul National University
San 56-1, Shilim-dong, Kwanak-gu, Seoul 151-744, Korea

A new approach to realize multilayer micropatterns with vertical
heterostructure is introduced. In this approach, well-defined micropatterns of
poly(4-vinylpryridine) (PVP) and poly(acrylic acid) (PAA) multilayer are
prepared in short process time by using microfluidic channels combined with
the convective self-assembly process (i.e., the self-assembling process in the
presence of external flow). The resulting patterns were then used as templates
for further spin-coating process of poly(diallyldimethyl ammonium chloride)
(PDAC) and poly(sodium 4-styrenesulfonate) (PSS). The micropatterns with
sharp edge boundaries and small ridges at the edges were obtained for
alternating (PVP/PAA);/(PDAC/PSS),, multilayers.

Keywords: convective self-assembly; microfluidic channel; template; vertical heterostructure

INTRODUCTION

Multilayer thin films have widely been investigated for the applications to
thin film devices based on electrochemical processes such as sensors,
integrated optics, rectifiers, or light-emitting devices (LED) [1,2]. To
fabricate high performance devices with organic or organic/inorganic
hybrid multilayer thin films, the internal structure of the films should be
well organized on the degree of high molecular order and the ability to
pattern with at least micrometer-scale feature on the films is also required.

Recently, several methods for multilayer patterning have been reported
including selective deposition of polyions onto the template made
by microcontact printing and electric field-directed deposition [3-5]. In
these methods, the adsorption process is based on self-diffusion and
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rearrangement due to the interactions between adsorbing molecules
and templates. As a result, alternating regions with chemically different
functionality should be introduced on the substrate to achieve the selective
deposition.

We have previously demonstrated the convective self-assembly (SA) in
microfluidic channels as an effort to produce well-defined micropatterns of
multilayer thin films in short process time [6,7]. In present study, we extend
the convective SA to the fabrication of multilayer micropatterns with
vertical heterostructure.

EXPERIMENTS

Gold substrates were prepared by sputtering of titanium of 100 A thickness
as an adhesion-promoting layer, followed by 1000 A of gold, onto silicon
wafers (Si/SiOs) (Namkang Hi-Tech). Poly(4-vinylpyridine) (PVP,
M,, = 60,000), poly(acrylic acid) (PAA, M, ~ 450,000), poly(diallyldimethyl
ammonium chloride) (PDAC, M,, = 100,000 ~ 200,000), and poly(sodium
4-styrenesulfonate) (PSS, M,, =70,000) were purchased from Aldrich and
used without further purification. All the polymer solutions were 10 mM
(repeat unit basis) in N, N-dimethylformamide (DMF) or ethanol for PVP
and PAA, and Milli-Q water for PDAC and PSS, respectively. Substrates
with COOH-terminated self-assembled monolayers (SAM) were prepared
by immersing the gold-coated silicon wafer into a 5mM 16-mercapto-
hexadecanoic acid (Aldrich) in absolute ethanol for 30 min.

For the patterning of multilayer thin films with vertical heterostructure,
we employed the convective SA in two steps. (1) Preparation of templates
by convective SA in microfluidic channels: The microfluidic channels
were formed by the contact between an elastomeric poly(-
dimethylsiloxane) (PDMS) mold and a hydrophilic substrate [7,8]. The
PDMS stamp was prepared from a silicon master with patterns realized by
conventional photolithography. First, the microfluidic channels were filled
with a polymer solution by the capillary pressure, which allowed the
polymer chains to absorb onto the substrate. The residual polymer solution
was then removed by the spinning process. The filling process of polymer
solution was completed within 3 s and the spinning process was carried out
at 6000 rpm for 2 min. These two processes were repeated 5 times for the
PVP/PAA bilayer. (2) Spin SA on patterned multilayer template: After
the micropatterns of (PVP/PAA); multilayer films on a substrate were
obtained, the PDMS stamp was removed and alternate deposition of PDAC
and PSS onto the micropatterns was carried out by the spin SA as follows: a
few drops of polyelectrolyte solution were placed onto the patterned
multilayer template and the substrate was then rotated at 4000 rpm for
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20 s. After the deposition of each polyelectrolyte layer, the substrates were
thoroughly rinsed with a plenty of deionized water. The spinning time and
speed for the washing step were identical to those for the layer deposition.
The formation of multilayer thin films was monitored by UV-Vis
spectrometer and the feature of patterns was observed by atomic force
microscopy (AFM, Nanoscope IIla) and optical microscopy (OM).

RESULTS AND DISCUSSION

Figure 1 shows the UV-vis absorption spectra for the multilayer films of
PDAC/PSS and PVP/PAA with different number of bilayers, respectively.
Positively charged PDAC and negatively charged PSS were alternately spin
self-assembled through the electrostatic attraction. This alternate
deposition of individual polyelectrolyte is verified by the linear increase
in absorption band at 227 nm, originating from the adsorbed PSS chains.
The absorption band at 256 nm is also assigned to the contribution of the
adsorbed PVP chains and also increases linearly with increasing number of
bilayers. This implies that the (PVP/PAA) multilayer based on the
hydrogen bonding was uniformly self-assembled by spin coating.

A patterned multilayer template of PVP and PAA was obtained by
the convective self-assembly in microfluidic channels. To prepare the
microfluidic channels, a PDMS mold was placed on a silicon wafer covered
with a COOH-terminated self-assembled monolayer. The dimension of each
channel is 10 um in width, 1.2 ym in height, and 5mm in length. Figure 2
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FIGURE 1 UV-Vis spectra of (a) (PDAC/PSS), and (b) (PVP/PAA), multilayer
films with different number of bilayers. (See COLOR PLATE V)
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FIGURE 2 (a) Schematic of convective self-assembly in microfluidic channels and
(b) OM image of patterned (PVP/PAA)5 multilayer film. (See COLOR PLATE VI)

(c)

FIGURE 3 AFM images of patterned multilayer of (PVP/PAA)5 when the solvent is
(a) ethanol, (b) ethanol/H,O (90/10), and (c¢) DMF (Z scale is 50 nm/div). (See

COLOR PLATE VII)
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represents a schematic for the fabrication of patterned multilayer films
and an OM image of a (PVP/PAA)s film formed.

It is noted that the shape of patterned (PVP/PAA)s multilayer template
is significantly dependent on the wettability of solvent on PDMS wall. As
shown in Figure 3, micropatterns with sharp edge boundary and small ridge
at the edge were obtained by using DMF as a solvent. When ethanol was
used as a solvent, high ridge or wall was developed at the edge of patterned
lines due to the preferential wetting of ethanol on the PDMS walls, and
such a high ridge (or wall) was remarkably diminished by mixing ethanol
with water.

The alternate deposition of PDAC and PSS was carried out by the spin
SA on the patterned (PVP/PAA); multilayer template, which was prepared
by using DMF as a solvent. Carboxylic acid groups of PAA, the top layer of
the template, are partially ionized and thus enable the adsorption of
cationic PDAC polyelectrolytes. The AFM topography images of 4, 8, 20,
and 40 bilayers consisting of PDAC and PSS bilayers are shown in Figure 4.

100 nm 200 nm

400 nm
400 nm

FIGURE 4 AFM images of patterned multilayer of (PVP/PAA)s; (PDAC/PSS),:
(@) n=4, (b) n=8, (¢) n=20, (d) n=40. (See COLOR PLATE VIII)
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The feature heights are 24, 30, 57, and 86 nm, respectively. These multi-
layer micropatterns with vertical heterostructure have high line resolution
and small ridge at the edge boundary. The surface of the micropatterns
with heterogeneous vertical structure is also quite homogeneous and
smooth.

CONCLUSIONS

A new approach to realize multilayer micropatterns with micron-size fea-
ture and vertical heterostructure has been described. Well-defined micro-
patterns of (PVP/PAA)s multilayer were first prepared by the convective
SA with microfluidic channels and then used as a template for the addi-
tional spin SA of PDAC and PSS. The vertically heterostructural multilayer
micropatterns with high line resolution and small ridge at the edge
boundary were produced.
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