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This newly formed center is part of an overall set of centers on
MEMS/NEMS fundamentals supported by DARPA. The MI'T-
OSU-HP Iocus Center aims to develop new methods for fabrica-
tion of MEMS and NEMS that do not use conventional litho-
graphic methods. The Center leverages the leading expertise of
MIT and OSU in MEMS and printed devices, with the printing
expertise of HP. The focus center is organized into four primary
areas: tools, materials and devices, circuits, and demonstration
systems.

In the area of tools, we are leveraging the existing thermal inkjet
(TTJ) technology of HP and augmenting it with specific additional
features, which expand the palette of available materials for print-
ing. We are developing materials and devices over a broad spec-
trum from active materials, photonic and electronic materials, to
mechanical materials. In the circuits area, we are studying the
behavior of the devices that can be realized in this technology
with the goal of developing novel circuit architectures. Lastly, we
intend to build several “demonstration” systems that effectively
communicate the power of the new technologies that will emerge
from this center.

MATERIALS, PROCESSES & DEVICES FOR MEMS

A Figure 1: An HP TIPS system for direct printing of a wide
range of MEMS and electronic/photonic materials.

A Figure 2: Examples of printed optical and electronic
devices.
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A Micromachined Printhead for the Evaporative Printing of Organic

Materials at Ambient Pressure

V. Leblanc, J. Chen, P. Mardilovich, V. Bulovi¢, M.A. Schmidt
Sponsorship: Hewlett-Packard, DARPA

Organic optoelectronic devices are promising for many commer-
cial applications if methods for fabricating them on large-area,
low-cost substrates become available. Our project investigates the
use of MEMS in the direct patterning of materials needed for
such devices. By depositing the materials directly from the gas
phase, without the liquid phase coming in contact with the sub-
strate, we aim at avoiding the limitations due to inkjet printing of
such materials.

We developed a MEMS-enabled technique for evaporative print-
ing of organic materials. This technique does not require a vac-
uum ambient, has a fast printing rate (1 kHz), and can be scaled
up to an array of individually addressable nozzles. The MEMS
printhead comports a microporous layer with integrated heaters
for local evaporation of the materials. Figure 1 shows the micro-
fabricated device: an array of 2 micron pores and an integrated

A Figure 1: Left: Pictures of the pores. Top: Fluorescent image
after Alg3 material was loaded in the pores. Bottom: Optical image
after re-evaporation of the material. Right: Top view and schematic
of device.

REFERENCES
[1]
metals,” Journal of Microelectromechanical Systems, to be published.
[2]
Digital Fabrication, Denver, Sep. 2006, pp. 74-78.
(31

thin film platinum heater sit in the center of a silicon membrane.
The material to be printed is delivered to the porous region in
liquid or gas phase and deposits inside the pores (see Figure 1, top
left). The integrated heater then heats up the porous area (see Fig-
ure 2, top) and the material is re-evaporated from the pores onto
the substrate. The main limitation of this printhead is the failure
of the thin-film platinum heater at temperatures above 800°C
(see Figure 2 bottom).

This printhead was used, together with inkjet technology for the
delivery of material to the pores, to print molecular organic semi-
conductors (see other abstract in this volume). Our technique
enables printing of organic optoelectronics over large areas and
can be used to print on a variety of substrates, does not require
a vacuum ambient, and thus could enable low-cost printing of
optoelectronics.

A Figure 2: Top: Infrared microscope measurements of the
temperature of a printhead chip. Bottom: An SEM image of a
Focused lon Beam cross-section of a failed heater.
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Surface Micromachining Processes using Non-lithographic Technologies
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Conventional MEMS fabrication relies heavily on planar lithog-
raphy and IC technology. While these techniques are well-suited
for relatively flat devices such as the semiconductors, they are
drastically limited in the design and fabrication of three-dimen-
sional devices such as MEMS. From a commercial viewpoint, the
semiconductor paradigm is also a poor fit for MEMS because the
lower volume and demands make it more difficult to offset the
high production costs. Ridding MEMS fabrication of its reliance
on such techniques may introduce several advantages, namely a
wider base of substrate materials and decreased costs.

Our project investigates severing MEMS fabrication from the
semiconductor paradigm via non-lithographic technologies. We
have previously shown how MEMS can be used for the direct
patterning of small molecular organics [1]. Using similar con-
cepts, we intend to show that surface micromachining can also
be achieved.

A Figure 1: Basic approach of direct surface micromachining.
(a) Spacer layer (green) is deposited. (b) Metal silver ink (blue)
is deposited and sintered. (c) Spacer material is removed to
release structure.
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The first stage of the project is to directly pattern a structural
layer over a spacer and successfully release a cantilever. We have
successfully patterned metal silver over various spacer materials,
including polyethylene glycol (PEG), polyvinyl acetate (PVA), and
UNITY™ sacrificial polymer, and we are currently working on
the release process. This technique will ultimately be used to con-
struct simple structures, such as cantilevers and bridges, to test the
structural material’s mechanical properties. The next stage of
this project will consist of using this process to fabricate cantile-
vers and integrate them with other non-lithographic techniques
to fabricate an accelerometer. Subsequent stages will consist of
creating a library of non-lithographic processes so that entire
MEMS devices can be fabricated without the use lithography.

A Figure 2: Experimental results of directly processing spacer
or structural materials. (a) Spacer material patterned as a reservoir
with raised features. (b) Metal silver deposited in shape of reservoir
(no spacer underneath). (c) Silver deposited over patterned
photoresist (PR) lines. (d) Magnified view of silver over PR line.
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