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capable of amplifying or processing the signals detected by
the detection element. The substrate for the detection element
may be constructed using, for example, a Controlled Collapse
Chip Connection (or “C4”) assembly technique, wherein a
plurality of leads, or bond pads are internally electrically
connected by an array of connection elements (e.g., solder
bumps, columns).

[0169] According to the embodiments of the invention,
microcoils can be fabricated on or within the substrate using
a number of techniques, including etching, bonding, anneal-
ing, adhering/seeding, lithography, molding, and printing.
Physical vapor deposition (PVD) and chemical vapor depo-
sition (CVD) can also be used. In one embodiment, micro-
coils are fabricated on an oxidized silicon substrate by elec-
troplating metals inside a deep photoresist mold and then
passivated using an epoxy based resist.

[0170] The substrate of the embodiments of the present
invention is suitable for forming openings, voids, surfaces, or
microchannels thereon for holding fluid and fluidic commu-
nications. The sample zone may be open or closed along.
Various methods may be used to form the sample zone on the
substrate. For example, a reservoir or an open microchannel
can be fabricated on a silicon substrate by etching methods
known to those skilled in the art. Closed channels can be
formed by sealing the open channels at top using methods
such as anodic bonding of glass plates onto the open channels
on the silicon substrate.

[0171] According to one embodiment of the invention, to
fabricate a channel on a silicon substrate, a photoresist (posi-
tive or negative) is spun onto the silicon substrate. The pho-
toresist is exposed to UV light through a high-resolution mask
with the desired device patterns. After washing off the exces-
sive unpolymerized photoresist, the silicon substrate is placed
in a wet chemical etching bath that anisotropically etches the
silicon in locations not protected by the photoresist. The
result is a silicon substrate in which channels are etched. If
desired, a glass cover slip is used to fully enclose the channels.
Also, holes are drilled in the glass to allow fluidic access. For
straighter edges and a deeper etch depth, deep reactive ion
etching (DRIE) can be used as an alternative to wet chemical
etching.

[0172] In another embodiment of the invention, channels
may be formed on a silicon substrate using the following
method. A seed layer of a metal, such as copper, is deposited
over a surface of the substrate. Any suitable blanket deposi-
tion process may be used to deposit the seed layer of metal,
such as physical vapor deposition (PVD), chemical vapor
deposition (CVD), or other methods known to those skilled in
the art. A layer of a sacrificial material, such as a dielectric
material or a photoresist material, is then deposited over the
seed layer. By removing the sacrificial material, for example
using chemical etch process or thermal decomposition pro-
cess, a number of trenches in the sacrificial layer are formed,
and the seed layer is exposed in each of the trenches. Another
layer of the metal, such as copper, is deposited over the
exposed seed layer in the trenches. The metal layer extends
over portions of the upper surface of the sacrificial layer; but
gaps remain between the metal material layers extending
from adjacent trenches and over the upper surface of the
sacrificial layer. The sacrificial layer is removed, for example
using chemical etching process or thermal decomposition
process, and regions from which the sacrificial layer has been
removed form channels in the metal layer. An additional layer
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of'the metal is deposited over the upper surfaces of the metal
layer to close the gaps over the channels.

[0173] In the embodiments of the invention, reservoirs,
openings and channels can be made by using soft lithography
method with suitable materials, such as silicon and polydim-
ethylsiloxane (PDMS). With these techniques it is possible to
generate patterns with critical dimensions as small as 30 nm.
These techniques use transparent, eclastomeric PDMS
“stamps” with patterned relief on the surface to generate
features. The stamps can be prepared by casting prepolymers
against masters patterned by conventional lithographic tech-
niques, as well as against other masters of interest. Several
different techniques are known collectively as soft lithogra-
phy. They are as described below:

[0174] Near-Field Phase Shift Lithography. A transparent
PDMS phase mask with relief on its surface is placed in
conformal contact with a layer of photoresist. Light passing
through the stamp is modulated in the near-field. Features
with dimensions between 40 and 100 nm are produced in
photoresist at each phase edge.

[0175] Replica Molding. A PDMS stamp is cast against a
conventionally patterned master. Polyurethane is then
molded against the secondary PDMS master. In this way,
multiple copies can be made without damaging the original
master. The technique can replicate features as small as 30
nm.

[0176] Micromolding in Capillaries (MIMIC). Continuous
channels are formed when a PDMS stamp is brought into
conformal contact with a solid substrate. Capillary action fills
the channels with a polymer precursor. The polymer is cured
and the stamp is removed. MIMIC is able to generate features
down to 1 um in size.

[0177] Microtransfer Molding ((TM). A PDMS stamp is
filled with a prepolymer or ceramic precursor and placed on a
substrate. The material is cured and the stamp is removed. The
technique generates features as small as 250 nm and is able to
generate multilayer systems.

[0178] Solient-assisted Microcontact Molding (SAMIM).
A small amount of solvent is spread on a patterned PDMS
stamp and the stamp is placed on a polymer, such as photo-
resist. The solvent swells the polymer and causes it to expand
to fill the surface relief of the stamp. Features as small as 60
nm have been produced.

[0179] Microcontact Printing ((CP). An “ink” of alkanethi-
ols is spread on a patterned PDMS stamp. The stamp is then
brought into contact with the substrate, which can range from
coinage metals to oxide layers. The thiol ink is transferred to
the substrate where it forms a self-assembled monolayer that
can act as a resist against etching. Features as small as 300 nm
have been made in this way.

[0180] Techniques used in other groups include microma-
chining of silicon for microelectromechanical systems, and
embossing of thermoplastic with patterned quartz. Unlike
conventional lithography, these techniques are able to gener-
ate features on both curved and reflective substrates and rap-
idly pattern large areas. A variety of materials could be pat-
terned using the above techniques, including metals and
polymers. The methods complement and extend existing
nanolithographic techniques and provide new routes to high-
quality patterns and structures with feature sizes of about 30
nm.

[0181] Standard lithography on silicone wafer or silica
glass could also be used to fabricate the devices of the
embodiments of this invention. Reservoirs, openings and



