Negative-stiffness
vibration isolation
iImproves reliability of
nanoinstrumentation
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their equipment in
a multitude of loca-
tions where vibration noise is significant-
Iy high. Although big-budget installations
(valued in the hundreds of thousands of
dollars) typically incorporate adequate vi-
bration isolation, many smaller-budget in-
stallations (those spending under $120,000
for equipment) do not—and these smaller
sites represent the most rapid growth in the
nanotechnology universe. It is estimated
that 40% to 50% of smaller sites—in aca-
demia and industry—are initiated with in-
adequate vibration isolation.

“When you get into the smaller instruments
like white-light and laser interferometers, sty-
lus profilers, and atomic-force microscopes
(AFMs), then you have problems with site
preparation,” says George McMurtry, CEO

ith nanotechnology applications
growing exponentially, scien-
tists and engineers are putting

Frequency (Hz)

FIGURE 1. The transmissibility of a passive negative-stiffness
vibration isolator—that is, the vibration that transmits through
the isolator as measured as a function of floor vibrations—can

Although low-frequency
vibration isolation can be
achieved by suspending
nanoinstrumentation from
a ceiling or using air tables,
passive negative-stiffness
vibration-isolation systems

have become an economical

choice for nanotechnology
applications.
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be 100 times better at low frequencies of around 2.5 Hz than a
higher-cost air table. (Courtesy of Minus K Technology)

of NanoAndMore (Lady’s
Island, SC), a distribu-

tor of AFM probes and
nanotechnology peripher-
als. “In many cases, these
instruments may be sit-
ting on the fourth floor of
a building and—without
isolation—will end up get-
ting really poor images.”

Vibration-isolation
options

Every building makes
noise; the amount of
noise depends on how
high up off the ground
you are and how old the
building is. Within the
building itself, vibra-

tions can come from heating and ventilation system, fans,
pumps that are not properly isolated, and elevators. Ex-
ternal to the building, equipment can be influenced by
vibrations from adjacent traffic, weather disturbances,

construction, and other elements. These internal and ex-
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VIBRATION-CONTROL SYSTEMS, continued

ternal influences cause lower-frequency
vibrations, which raise havoc with nano-
instrumentation. For example, wind can
cause a substantial resonance around

2 Hz. When trying to measure only very
few angstroms or nanometers of dis-
placement, any vibrations transferred
into the mechanical structure of an in-

FIGURE 2. Atomic-force-microscope
(AFM) images of a quantum-point contact
(top) stabilized by a negative-stiffness
vibration-isolation system clearly show
isolation trenches. The material is an
indium gallium arsenide (InGaAs) layer
contained within an indium aluminum
arsenide (InAlAs) barrier material, and
grown by molecular-beam epitaxy. The
gray semicircles that are recessed from
the surface are the chemically etched
trenches used to form the quantum-

point contact in the system. As the tip is
scanned, the conductance variation due
to the tip voltage bias can be overlaid
over the stabilized quantum-point contact
image (bottom). The peaks and valleys
are the random potential variations due to
the alloy scattering in the InGaAs material.
(Courtesy of Arizona State University and
N. Aoki of Chiba University)

strument will cause vertical noise.

Since the 1960s, air tables have been
used for isolation. Basically cans of air,
they are still the most popular isola-
tors. However, air tables with resonant
frequencies at 2 to 2.5 Hz can typically
only handle vibrations down to about 8
to 10 Hz—not quite low enough for op-
timum performance with modern nano-
equipment. For purposes of clarity in
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scanning-probe microscopes and inter-
ferometers, air tables are an inefficient
isolation solution.

Isolators were used with AFMs in the
1980s, but the number of installed sys-
tems was small and most of them were
in basements. Although some scientists
are still suspending their very expensive
AFMs from bungee cords hanging from
the ceiling, many are not willing to take
that risk any longer and have switched
to alternative isolation systems.

One type of system used is active iso-
lation, also known as electronic force
cancellation. Active isolation uses elec-
tronics to sense the motion, and then
puts in equal amounts of motion elec-
tronically to compensate, effectively
canceling out the motion. These systems
can start isolating at frequencies as low
as 0.7 Hz; quite sufficient for isolating
the lower frequencies that are so dam-
aging to image clarity with microscopes
and interferometers. However, if me-
chanical isolation can be achieved with-
out having to use energy, a scanning
system will not be negatively influenced
by problems of electronic dysfunctions
and power modulations.

Negative-stiffness vibration isolation
systems have become a growing choice
for nanotechnology applications. Not
only are they a highly workable vibra-
tion solution but they cost significantly
less—up to one-third the price of ac-
tive systems. These isolation systems
enable vibration-sensitive instruments
to operate in severe vibration environ-
ments, such as upper floors of buildings
and clean rooms, and the images pro-
duced are significantly better than those
achievable with pneumatic isolators.

Negative-stiffness isolation
Passive negative-stiffness isolators use a
unique—and completely mechanical—
concept in low-frequency vibration isola-
tion. Vertical-motion isolation is provid-
ed by a stiff spring that supports a weight
load, combined with a negative-stiffness
mechanism (NSM). The net vertical stift-
ness is made very low without affecting
the static load-supporting capability of
the spring. Beam columns connected in
series with the vertical-motion isolator
provide horizontal-motion isolation. The
horizontal stiffness of the beam columns
is reduced by the “beam-column” effect
(a beam column behaves as a spring com-



bined with an NSM). The result is a com-
pact, passive isolator capable of very low
vertical and horizontal natural frequen-
cies and very high internal structural fre-
quencies. The isolators (adjusted to 0.5
Hz) achieve 93% isolation efficiency at 2
Hz, 99% at 5 Hz, and 99.7% at 10 Hz.

“What negative-stiffness isolators pro-
vide is really quite unique to the field of
nanotechnology,” says Patrick O'Hara,
president and CEO of Ambios Technol-
ogy (Santa Cruz, CA), a manufacturer of
microscopes, stylus profilers, and opti-
cal interferometers used in nanotechnol-
ogy. “In particular, the transmissibility of
a negative-stiffness isolator—that is, the
vibration that transmits through the iso-
lator as measured as a function of floor
vibrations—is substantially improved
over air or active isolation systems (see
Fig. 1). Although active isolation systems
have fundamentally no resonance, their
transmissibility does not roll off as fast as
negative-stiffness isolators. So at building
and seismic frequencies, the transmissi-
bility of active isolators can be 10 times
greater than negative-stiffness isolators.
This causes substantial adverse measure-
ment and imaging artifacts in the data.
Air isolators have the added disadvantage
that their 2 to 2.5 Hz resonance effects a
significant loss in isolation capability be-
low about 5 Hz.”

Negative-stiffness isolators offer other
advantages over air systems: they do not
require an air supply or dedicated, large
nitrogen tanks; the simple mechanical
design means there is nothing to wear
out and no maintenance; performance
can be achieved with compact benchtop
isolators that conserve valuable labora-
tory space and are easily moved from
one location to another; and they can
be of an all-metal design and used in
vacuum chambers and other adverse
environments. Further, there are no dy-
namic-range limitations and no heat
generation that can cause thermal drift.

AFM research

The Arizona State University (ASU; Tem-
pe, AZ) Nanostructures Research Group
team works on research in nanolithog-
raphy and the physics of nanostructures
and ultrasmall semiconductor devices.
To study quantum dots, quantum wires,
and ultrasmall semiconductor devices in
a variety of materials, the group performs
scanning-gate microscopy at low temper-

atures, a process that takes the equivalent
of an AFM and puts a bias on it, allow-
ing the study of the change in conduc-
tance of small semiconductor structures
as this bias tip is moved around on a
surface (see Fig. 2).

The system is mounted in a large
cryogenic cooler maintained at about
300 mK, or 1000 times below room tem-
perature. The AFM tip is on a cantile-
ver that is metallized with a very thin
layer of metal so that a voltage can be
applied to it (a technique that was devel-
oped at Harvard four to five years ago).
This voltage is used to perturb the struc-
ture being looked at. As the tip moves,
it creates a voltage across the plane that
is measured to determine certain elec-
trical conductance through the over-
all system, as it is modified by the tip
voltage. Although this type of experi-
mentation is quite common, what is
uncommon is that the team uses a nega-
tive-stiffness vibration-isolation system
developed by Minus K Technology.

Any kind of vibration noise in the sys-
tem makes the AFM cantilever tip move,
and that gives bad signals and incorrect
data, In this application, the team actu-
ally went further than most university
applications by integrating a rather large
magnet into the system. The magnet al-
lows the researchers to look at different
types of transport, such as the magneto
transport of the semiconductors, a differ-
ent mode of transport altogether.

The entire system had to be isolated,
not just the cantilever. An extremely
high level of vibration isolation was re-
quired because of the research param-
eters. Research using the system covers
electron-beam lithography of quantum
dots and quantum devices, with ap-
plications such as quantum ballistic
transport at very low temperatures and
high magnetic fields; magneto-trans-
port studies used to probe the nature
of electron dynamics in semiconductor
quantum dots (which are quasi-zero-
dimensional structures whose size is
comparable to the Fermi wavelength
of the electrons themselves); and sur-
face chemical analysis performed with
a scanning Auger microprobe that can
achieve a lateral resolution of about
25 nm under good conditions.

The negative-stiffness isolator is a pas-
sive isolation approach, and has a key
advantage in that it requires no electric-

FIGURE 3. The Arizona State University
dewar system sits on three Minus K
negative-stiffness vibration-isolation
systems. The black vertical structures are
custom-built mechanical bars that ride on
the isolators and support the dewar itself.
(Courtesy Arizona State University)

ity. In a site where heat buildup could be
an issue—such as with enclosed cryo-
genic chambers—negative stiffness be-
comes a highly efficient option to eradi-
cate low-frequency vibrations. The ASU
system uses three Minus K isolators to
support the entire dewar system (see
Fig. 3). During operation, of course, the
pumps are disconnected to remove that
source of vibration—the dewar and re-
frigerator system can hold the low-tem-
perature environment for more than 40
hours, which allows a long experimental
time at low vibration levels. The pumps
can be reconnected to restore the low
temperature and the process can be
repeated as needed.

Today, leading technology transistors
have critical dimensions below 25 nm,
and the most critical dimension is the ox-
ide thickness, which is 1 nm. In order to
investigate these and smaller nanostruc-
tures with scanning-gate technology, the
need for effective vibration isolation has
never been greater and will continue to
become more demanding as the nano
industry progresses. U

Tell us what you think about this article. Send an
e-mail to LFWFeedback@pennwell.com.
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