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ABSTRACT
In the last decade, ink-jet has come to be viewed as a precision microdispensing tool, in addition
to its huge success in color printing. Today, this tool is being used in a wide range of applications,
including electrical & optical interconnects, sensors, medical diagnostics, drug delivery, and MEMS
packaging. This paper will illustrate a few of the applications of ink-jet technology that are relevant to
manufacturing applications that are enabled by high-value nanostructured materials.

Figure 1: Implantable (brain) microelectrode with four 20x60µm electrochemical measurement
sites on a ceramic substrate, coated with a glutamate oxidase enzyme and overcoated with gluteraldyhyde, a fixative; two of the four electrodes have been coated with a fluorescent dye. Images courtesy
the University of Kentucky Center for Microelectrode Technology.

Figure 2: 100µm diameter released structure (oscillating micromirror), suspended by 10µm
width/thick supports, onto which a polymer lens has been deposited.
INTRODUCTION
As nanotechnology seeks to take high impact applications from research to commercialization, it
has encountered the same challenges in dealing with a range of scales as IC’s MEMS encountered
in taking micro-scale function to millimeter and centimeter scale devices. This is particularly true for
high-value nanostructured materials and applications that require significant diversity of these materials: both preclude the use of bulk application methods to deploy these high-value materials.
Micro-Electro-Mechanical Systems (MEMS) fabrication technology has been developed primarily
from large volume microelectronics manufacturing technology, which relies almost exclusively on
photolithographic processes. Photolithographic processes are particularly well suited for large volume, high density fabrication of devices with low process and feature diversity. The prime example
is a DRAM memory device with repetition of the same features millions of times. MEMS has successfully built on the huge microelectronics equipment and technology base, adding feature diversity by using a limited number of compatible processes.
However, MEMS is a field that by definition aims to created integrated micro-devices. If MEMS is
to extend beyond the boundaries of its current successes, it must integrate many diverse functions,
including ones enabled by nanostructured materials. Integration of optical functions (Micro-OpticalElectro-Mechanical Systems, MOEMS), biological functions (BioMEMS), and /or sensor functions
requires a high level of process diversity, in many cases at a low density. Thus, these integrated micro-device types are creating a dilemma by driving MEMS fabrication technology away from what
photolithography does best (high density) and toward what it does poorly (high diversity).
In addition, many integrated MEMS applications use materials that are simply too expensive to be
used with subtractive processes, such as photolithography, where most of the material would be
wasted. With the growing investment in nanotechnology, it is likely that many more interesting, but
expensive materials will be created in the near future. Reliance on subtractive processes will limit
the utility of these materials in MEMS applications.
A solution to this dilemma is to THINK ADDITIVE. One additive process that has been shown to
be particularly well suited to MEMS device fabrication is ink-jet printing technology.

Figure 3: Left, 100µm high, 125µm diameter SU-8 posts over VCSELS on a gallium arsenide wafer. The posts are on 225µm center-to-center spacing with polymer lenses printed onto the posts, 22 x
18pl drops per post. Wafer with posts courtesy Vixar Corp. Right Microlens array on borosilicate
glass with lens diameters of 225µm and center-to-center spacing of 250µm, both ±1µm.

Figure 4: Carnegie-Mellon chemoresistive sensor: A, sensing element configuration showing
250µm diameter dual electrode spiral in a 350µm SU-8 well; B, multiple sensing and reference elements on a 2.65mm die; C, sensor device in a TO-5 package; E, sensor element printed with 225 nominally 30pl drops of solution containing gold-thiolate nanoparticles. Images courtesy CarnegieMellon University.
APPLICATION EXAMPLES
This poster present a number of examples of the use of
ink-jet technology to manufacturing in the areas of electrical
interconnect, optical interconnect, chip-scale packaging,
displays, integrated electro-optic assemblies,1 implantable
medical devices,2 displays,3 and sensors.4 In all of these
examples, the use of nanostructured materials to increase
performance or functions would be possible. Also, the broad
range of possible materials types that can be deposited but
ink-jet technology is illustrated.
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Figure 7: Ink-jet printed copper layers: top
left, Cu nanoparticle ink as printed, right laser
annealed; bottom left, solution phase copper as
printed, right heat converted.

Figure 7: VCSEL die lensed using ink-jet printing & positioned by micro-clamper.

Figure 5: Light-emitting polymer
printed into 8 x100μm wells in a color
display, courtesy Dupont Displays.
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