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Abstract
Multilayer soft lithography (MSL) is used to fabricate monolithic
elastomeric on-off microvalves by adopting a two-layer cross-channel
architecture. The performance of microvalves is strongly dependent on the
two-channel geometry (width, height and shape) and on the thickness of the
interlayer membrane. Using a finite element model previously validated
against experiments, we propose a new fluidic microvalve design, based on
the concept of chemically swelling the thin interlayer membrane so as to
induce two stable equilibrium configurations. The complete closure of the
new valve may then be achieved by applying a much reduced actuation
pressure, down to 1/4 of the pressure needed by the standard monostable
design. The maximum stress in the interlayer membrane of the bistable
valve also drops to 1/3 of the value corresponding to the standard design.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

Soft lithography (SL) is an alternative technique to silicon-
based micromachining and conventional photolithography for
fabricating fluidic structures at microscale and mechanical
structures at nanoscale. Soft lithography originates in the
late 1980s from the work of Whitesides and collaborators [1].
SL uses an elastomeric stamp (mold) to pattern a wide variety
of materials, such as organic polymers, colloids, inorganic
solids and proteins. Many advantages are connected to its
use. Elastomers are tolerated by a wide range of materials
commonly used in chemistry, biochemistry and biology, and
are compatible with many substrates (glass, plastic, ceramics).
SL devices are easy to fabricate; elastomers are very soft
materials—thus the technique allows for rapid prototyping
and low cost.

SL requires a master stamp, which can be obtained by
micromachining or photolithography, with a negative pattern.
The fluid poly(dimethylsiloxane) (PDMS) is poured over the
master stamp and cured, resulting into a positive stamp (or
mold) with patterned relief structures on its surface. At
the end of the process, the master stamp is removed (see
figure 1).

Unger et al [2] improved SL in order to obtain multilayer
devices. They use a two-component, addition-cure silicone
rubber and bond several layers together, varying the relative
composition of the silicone rubber between two adjacent
layers. In practice, two bonding layers with different
composition are cast separately against microfabricated master
stamps. After curing, the second stamp is placed on
top of the first layer, forming a hermetic seal (made
irreversible by a further curing), which possesses the same
resistance as the bulk material. The assembled device
is then sealed against a glass substrate (figure 2). This
modified technique is called multilayer soft lithography
(MSL), and it overcomes many issues of the original SL.
In fact, MSL avoids interlayer adhesion failures and thermal
stress problems, allows for large deflections with small
actuation forces, and permits the reduction of the device dead
volume up to 1 pl, i.e., more than two orders of magnitude
compared with silicon-based devices. As a main result, the
maximum on-off frequency of such microdevices reaches
70–100 Hz. MSL allows us to combine microvalves to
produce peristaltic micropumps. More complex applications
include the fabrication of microfluidic chip platforms
[3].
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