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Lithography plays a key role in integrated circuits, optics, (a) mechanical force
information technology, biomedical applications, catalysis, and + * * * * * *
separation technologiésdowever, inorganic lithography techniques
remain of limited utility for applications outside of the typical foci
of integrated circuit manufacturing. Many of these techniques
though require multistep patterning to fabricate etch masks or

polydimethylsiloxane mold

buffer with inorganic salts

templates for structuring the inorganic materials. Therefore, alternate substrate
technologies have evolved, including soft lithogragmanoimprint #P,.iming
lithography? microcontact printing,and capillary lithograph§y One

of the common features of many of these techniques is that they (b) inorganic structures

utilize a mold of either silicon or a polymer, which is brought into

contact with an underlying mask containing essential fabricated fea-

tures. These techniques have made significant advances in the field

and also are improvements for patterning a range of materials atF_ 1. Schematic of the stamping method for fabricating inorganic
. . . . . igure 1. | | | | | |

the small scale with relatively low cost and high efficiency. Expand- microstructures through balancing the dewetting of an inorganic buffer and

ing on this approach in creating gradient patterns provides freedomthe evaporation rate of the solvent. (a) A manual mechanical force is placed
in studying many processes, which are often limited to binary onthe PDMS mold, which results in (b) controlled inorganic microstructures

control in the presence versus absence of a material. Venkateswaffter removing the stamp.
et al® previously used electrodes to establish a gradient of charged
molecules within a liquid. Also, Bhangale et’alised a metal-
transfer process to form arbitrarily shaped surface-conjugated
protein gradients. Both of these stamping methods are limited by
the gradient patterns, sizes, and shapes that they can fabricate.

In this communication, we propose a novel stamping method
that applies pressure on the upper surface of the stamp to regulate
the dewetting process of the inorganic buffer and the evaporation
rate of the solvent in this buffer between the substrate and the
surface of the stamp. We focus on developing inorganic micro-
structures with specific locations and also on enabling the ability
to pattern gradients during the crystallization of the inorganic salts.
This approach utilizes a combination of lithography with bottom-
up growth and assembly of inorganic crystals.

Figure 1 shows a schematic of this microstamping method.
Briefly, a mold was made for inverted pyramid structures and was Figure 2. (a and b) Scanning electron microscope images of the highly

. . . . . . regular inorganic microstructures with a large area through application of
immersed in an inorganic buffer for enabling the transfer. We first = - e o (c and d) Images of the process when not applying force. In

fabricated the pyramid stamp usiij00=oriented, 4 in. p-doped  (d), this microscale structure was formed through multiple applications of
(1—100Qcm) silicon wafers. A masking layer of thermal oxide with  the organic layers.

a thickness of 0.6tm was employed for passivation. Arrays of mM KCI, 1 mM MgCl,, and 1 mM ATP with a pH of 7.68.0
grating elements were patterned in a Sitask by photolithography (polymerization buffer from Cytoskeleton, No. BSA02-001).

to evaluate the surface roughness and the rate of etching of the Figure 2 displays scanning electron microscope images of the
(100) plane. The etching windows were generated by removing inorganic microstructures through applying a manual mechanical
SiO, with a buffered hydrofluoric acid solution. The KOH etchant  force as well as the structure that evolves when there is no force.
was a 25 wt % aqueous solution without isopropyl alcohol (IPA).  The highly regular features are often explained in terms of a
The etching experiments were conducted at a temperature-of 60 (iffusion-limited aggregation mod&lin a solidification or crystal-

100 °C 38 After fabrication, PDMS [poly(dimethylsiloxane), Dow Jization process, this model assumes that the velocity of the
Corning, Sylgard 184] reverse molds were created from the silicon solidification front is proportional to the concentration gradient of
master using conventional photolithography to create the flexible the material which solidifies. Our process is also influenced by the
microstructures. The PDMS stamp with the inorganic buffer was dewetting process of the inorganic solution on the hydrophilic
brought into contact with the surface of the glass substrate under astamped (PDMS) surface. We assume that the mass transport during
manual force for 40 min. The inorganic buffer contained-250 the dewetting process for a defined evaporation rate of the inorganic

substrate

12080 = J. AM. CHEM. SOC. 2006, 128, 12080—12081 10.1021/ja064653c CCC: $33.50 © 2006 American Chemical Society



COMMUNICATIONS

r _—
@ manual force -
semi-circle mold
u\buffer with inorganic salts
substrate Figure 4. (a and b) Scanning electron microscope images of the inorganic
‘ printing gradient pattern created through our method.
(b)

applying a manual force to a polymer stamp, we regulated the
interactions between the inorganic buffer and the substrate. This
allowed us to fabricate uniform microstructures over a large area.
We also can create multiple sizes and distributions of the inorganic
material using a single stamp combined with analogue patterning
Figure 3. Schematic for creating a gradient inorganic pattern using a thrOUgh this force-contact control; this could alleviate issues with
semicircle microstamping method. The semicircle mold was fabricated using mask-based systems. This work has potential applications in a
photocuring, and then a gradient pattern is created through applying a manua\/ariety of fields, including studying inorganic material patterning
force before lifting off the stamp. and small-scale fabrication technology.

gradient inorganic pattern
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substrate
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