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Mechanical Testing of Tiny Devices

Richard Gedney*
Admet Inc.
Norwood, Massachusetts

Very few analytical instruments
are available for measuring the
mechanical properties of micron-sized
systems. Furthermore, MEMS devices
and new materials have demonstrated
the need for two types of mechanical
testers.

The first is most suitable for engi-
neering materials such as ceramics,
composites, metals, and polymers. A
sample with length dimensions in tens
of millimeters is clamped into a palm
sized tester, where it is pulled, pushed,
or bent. This type of tester is capable
of generating up to 5 kN of force and
50 mm displacement. It also records
force-deflection data to determine the
mechanical properties of the material
while a microscope records the
changes in microstructure.

The second type of instrument
records the force-deflection character-
istics of tiny MEMS structures (Fig. 1)
or measures the mechanical proper-
ties of very small specimens. This in-
strument is equipped with a needle-
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type probe and is capable of indenting,
scratching, pushing, pulling, and
bending in very specific locations. It
also has the sensitivity to measure
forces no greater than 10 mN and dis-
placements less than a millimeter re-
quiring nanometer resolution. In this
type of application, a microscope is
used to verify positioning of the
needle probe.

This article describes the operation
of these instruments and shows how
they may be applied to test specific
materials.

Palm- sized tester

Nanocomposites are typically
polymer-based materials in which the
microstructure and mechanical be-
havior are tailored via the incorpora-
tion of additives or nanometer-sized
particles. They have significantly en-
hanced mechanical performance, as
well as other properties such as elec-

Fig. 1— Center portion of a double beam
bistable microstructure as seen through a mi-
croscope. The double beam arrangement has
two stable positions. If an actuation force is ap-
plied at the apex of this structure, the double
beam will ““snap through™ to the opposite side
and stay there without application of force.
From Jin Qiu et al, “A Centrally-Clamped
Parallel-Beam Bistable MEMS Mechanism,”
Proc. of the IEEE MEMS-01 Conference 353-
357, January, 2001, Interlaken, Switzerland.

Evaluating MEMS structures

Figure 5 depicts a mechanically bistable
mechanism that was developed by Jin Qiu, Jef- | =
frey H. Lang and Alexander H. Slocum at the
Massachusetts Institute of Technology. The
mechanism has two stable positions and con-
ists of two adjacent beams that are clamped at | —

Initial shape as
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center. If an actuation force is applied at the
apex of this structure, the double beam will
“snap through” to the opposite side and stay
there without application of force. The
mechanism may serve as a relay, valve,
switch, or memory cell in a MEMS device.
The chief advantage of such a mechanism
is that zero force is required to maintain con-
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Fig. 5— Diagram of a mechanically
bistable MEMS mechanism. (FromJin
Qiu et al, “A Centrally-Clamped Par-
allel-Beam Bistable MEMS Mecha-
nism,” Proc. of the IEEE MEMS-01

tact during their “on” or “off” states.
Figure 1 shows the bistable mechanism
as seen through a micro-
scope. Each beam is ap-
proximately 3 mm long and
on the order of 10 microns
thick. An instrument (Fig. 6) de-
veloped by the Precision Engi-
neering Research Group at MIT
was designed to record the
force-displacement curve for the
bistable beam. The instrument,
called the Flextester, is capable
of 10 nm and 100 mN resolution
for displacement and force, re-
spectively. Figure 7 compares
the theoretical force-displace-
ment curve of the bistable mech-
anism with the actual curve as
recorded by the Flextester.
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Fig. 7— Theoretical and measured force-displace-
ment curve for the mechanically bistable MEMS mech-
anism. Green line: Theoretical data for a 6.7 micron thick
double beam. Red line: Theoretical data for a 6.0 micron
thick double beam. Blue line: force-displacement data
taken with the Flextester.

Fig. 6 — Picture of the Flextester developed
by the Precision Engineering Group at the
Massachusetts Institute of Technology to
measure the stiffness of MEMS mechanisms.
The Flextester features three axes of movement
with 10 nm and 100 mN resolution for dis-
placement and force, respectively. The author
is currently working with several members of
the Precision Engineering Group to commer-
cialize the Flextester. J. Qiu, J. Sihler, J. Li, V.
Sturgeon, M. Smith, A. Slocum: “An Instru-
ment to Measure the Stiffness of MEMS Mech-
anisms”, Proc. 10th International Conference
on Precision Engineering, Yokohama, Japan,
July 2001.
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Fig. 2 — A 5 kN-capacity palm-sized ten-
sile stage mounted inside a Scanning Electron
Microscope (SEM). Picture shows a dog bone-
shaped polymer specimen clamped in the stage.
Tensile stage manufactured by Ernest F.
Fullam Inc., Latham, New York.

trical conductivity, thermal conduc-
tivity, and resistance to permeability
and abrasion. The additives and
blending act to produce multi-phase
structures in which the length scales
of the different phases may range
from nanometers to tens of hundreds
of microns. The microscopic geom-
etry and properties of the constituent
phases govern the resulting macro-
scopic behavior.

The connections between micro-
structure and mechanical behavior
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Fig. 3— Force-deflection curve from a three point bend test recorded by Admet’s MTESTWin-
dows on an Ernest F. Fullam Inc. flexural stage. Beam specimen was graphite epoxy of size 32.5

mm long x 6.46 mm wide x 2.04 mm deep.

must be understood to design and
tailor nanocomposites

To help make that connection, palm-
sized tension, compression, and flex-
ural testers have been designed to fit
inside the vacuum chamber of a scan-
ning electron microscope (Fig. 2). The

Fracture testing of silicon micro cantilevers

The Flextester was also used to measure the fracture strength of
microfabricated cantilevers. Figure 8 is a micro cantilever as seen from a
scanning electron microscope (SEM). Each cantilever has a length of 3 mm,
a thickness of 150 microns, and a height of 480 microns (where 480 microns
is equivalent to the wafer thickness). A bank of cantilevers was etched into
silicon to generate a statistical measure of fracture strength. The end of each
beam features a small lip that ensures the Flextester needle probe contacts
each beam at its end. A microscope was used to verify the contact point.

Figure 9 is a close-up of the Flextester needle probe in contact with a micro

Fig. 9 — Picture of the Flextester needle
probe. A bank of microcantilevers is clamped to
the stage of the Flextester. Black line: 3 mm
long cantilever beam. Blue line: 2 mm long
cantilever beam

cantilever. The cantilevers were
manufactured in linear arrays
so the coarse positioning axes
of the Flextester could quickly
move to the next cantilever for
efficient testing of multiple samples. The
figure shows a silicon wafer that contains
a number of double beam structures

testers exert forces as small as a few
grams or as much as 5 kN. They are
suitable for testing tiny specimens of
virtually anything, from a human hair
or a single carbon fiber to recording
tape, and miniature products made of
metals, ceramics, wood, or polymers.

Fig. 8 — Two micron-sized cantilever beam
specimens as seen from a scanning elec-
tron microscope.
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Fig. 10 — Force-displacement curve of two
microcantilevers loaded to fracture, as recorded
by the Flextester.
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Fig. 4— Force-deflection hysteresis curve for a graphite epoxy beam specimen cyclically loaded
in three point bending. Recorded by Admet’s MTESTWindows on an Ernest F. Fullam Inc. flex-

ural stage.

Optional heating and cooling units en-
able testing at different temperatures.

To measure macroscopic mechan-
ical properties, the frames are out-

Glossary

Lab-on-a-chip: A small chip (often the
size of a credit card or smaller) con-
taining microfluidic channels narrower
than a human hair. They take advantage
of the properties of liquids and gases to
separate and better allow microsensors
to analyze their constituent elements.
MEMS: Microelectromechanical sys-
tems. A term primarily used in the
United States, it refers to machines with
moving parts having typical dimensions
of 10 to 100um, which contain both elec-
trical and mechanical components on sil-
icon. Also referred to as microsystems,
microstructures, microsystem tech-
nology (referred to as MST in Europe)
and mechatronics.

Nanotechnology: The creation and use
of objects at the nanoscale, up to 100
nanometers in size.

Nanocomposites: Composite materials
prepared to have inhomogeneity in
smaller scale than submicron (107 m) are
called nanocomposites.

Polymers: Grouped into three general
categories: thermoplastics, thermosets
and elastomers. Thermoplastics can be
softened and re-softened indefinitely by
the application of heat, as long as the
temperature is not so high as to cause
decomposition. Thermosets are rigid
materials that are not softened by the ap-
plication of heat. Heat causes their bonds
to break, which is not reversible on
cooling. Elastomers, as a result of their
molecular structure, allow considerable
extension without permanent set.

fitted with a Windows-based ma-
terials testing system, while the
changes in microstructure are
recorded with the scanning electron
microscope. Figures 3 and 4 are force-
deflection curves for a polymer
loaded by a flexure stage under three

point bending. The two curves illus-
trate the data acquisition and control
capabilities for measuring macro-
scopic mechanical properties. ]

For more information: Richard Gedney,
Admet Inc., 51 Morgan Drive, Norwood,
MA 02062-5021; tel: 781/769-0850; fax:
781/769-0884; e-mail: rgedney@admet.
com; Web site: www.admet.com.

Bibliography

1. “Commercialization Issues of MEMS/
MST/Micromachines: An Updated In-
dustry Report Card on the Barriers to
Commercialization,” by Roger H. Grace:
Sensors Expo Spring Proceedings, San
Jose, Calif., May 2002.

2 “A Centrally-Clamped Parallel-Beam
Bistable MEMS Mechanism,” by Jin Qiu
et al: Proc. of the IEEE MEMS-01 Conference,
Interlaken, Switzerland, January 2001, p.
353-357.

3. “An Instrument to Measure the Stiffness
of MEMS Mechanisms,” by J. Qiu, J. Sihler,
J. Li, V. Sturgeon, M. Smith, A. Slocum:
Proc. 10th International Conference on Preci-
sion Engineering, Yokohama, Japan, July
2001.

4. Fundamentals of Microfabrication, The Sci-
ence of Miniaturization, by Marc J. Madou:
Second Edition, CRC Press LLC, 2002.

5. Engineering Materials Pocket Book, by W.
Bolton: Second Edition, Newnes, 1996.




2004 CORPORATE SPOTLIGHT=Advertisement

ADMET

New, Used, Retrofit — ASK ADMET For a Total Solution to all of

your Materials Testing Needs

ADMET is a Massachusetts based
company that provides integrated so-
lutions for materials testing.

Founded in 1989 by engineers,
ADMET does everything from manu-
facturing load frames and test instru-

ments to upgrading and retrofitting ex-
isting machines to providing totally
customized solutions. ADMET's retrofit
capabilities cover virtually all manually
operated or servo-controlled test ma-
chines, regardless of age, manufacturer,
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or machine
type.

ADMET
solutions are
designed to
be simple
and effec-
tive.

That's why
ADMET’s
hundreds of

customers find our prices to be much
lower than those of other leading
materials testing companies.

You also save on training costs.
ADMET products are easy to set up,
calibrate, and operate, and require vir-
tually no training time. And ADMET is
well-known for their free friendly
phone support.
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ADMET can help you modernize
your laboratory, network all your
testing machines, and produce custom
reports for your certifications. ADMET
will also integrate third-party equip-
ment into your network and database
or create a database for you.

Free test kit: If you have a question
about materials testing, or would like
a free on-site evaluation and quote,
please contact the company or visit its
website at www. ADMET.com.

ADMET also offers a free kit that in-
cludes their MTESTWindows demo
disk, product data sheets, and addi-
tional information.

For more information:

Contact Marc Venet, ADMET Inc., 51
Morgan Drive, Norwood, MA 02062;
tel: 781/769-0850; fax:781/769-0884;
email: sales@admet.com; Web: wwwv.
ADMET.com.

Reprinted from the August 2004 issue of Advanced Materials & Processes magazine.



