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Negative-Stiffness Vibration Isolation in
Nanotechnology is Gaining Popularity
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[t wasn‘t too long ago that making the decision
where to locate your scanning probe micro-
scope was a simple one - put it in the basement
where the ambient vibration was minimized.
But recently, with nanotechnology applications
growing exponentially, scientists and engi-
neers are putting their equipment in a multi-
tude of locations where vibration noise is sig-
nificantly high. Additionally, in an effort to
keep their nano-equipment costs as low as pos-
sible by cutting out the peripherals, many aca-
demics and industries are not adequately pro-
viding for vibration isolation on their ultra-sen-
sitive nano-equipment that they are putting
into their facilities. Although high-budget
installations typically incorporate adequate
vibration isolation, this is not the case with
many lesser-budget set-ups (those spending
under $120,000 for equipment), which repre-
sents the area of most rapid growth in the nan-
otechnology universe. It is estimated that 40 -
50% of these sites, in both academia and indus-
try, are initiated with inadequate vibration iso-
lation.

The above is influenced to some degree by
the fact that those specifying nano-equipment
do not always fully grasp the extreme sensitiv-
ity of the instruments, and that they require
proper site selection and vibration isolation.
With any type of microscope or other nano-
instrument, even a high-powered optical
microscope, you have got to put noise isolation
there or you will end up with diffused and
fuzzy imaging, and sometimes no image at all,
resulting in reduced operability of a facility's
nano-equipment.

As instrumentation gets more and more
complex, and measurements are being done at
a smaller and smaller level, those vibrations
that are present will start to dominate, and the
need for more effective isolation increases. Iso-
lators have been used since the beginning with
atomic force microscopes in the 1980, but
there weren't that many AFMs then, and most
of them were in basements. The use of nano-
instrumentation has grown dramatically, and
the need for increased isolation has followed
that trend.

The vibrations are usually very subtle. What
you will not feel with your hands or feet would
cause considerable noise and disturbance toan
AFM or interferometer. The noise is caused by
a multitude of things, it is not just originating
from one spot. Every single building is making
noise. Depending on how high up off the
ground you are, and how old the building is,
you are going to get a constant vibration.

Within the building itself you have things
that are going to create even more vibrations,
such as the heating and ventilation system,
fans, pumps that are not properly isolated, and
elevators. These mechanical devices create a
tremendous amount of vibration in the build-
ing, and depending on how far away the
instruments are from it, they may or may not
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Figure 1 (left): A negative-stiffness mechanism (NSM) vertical motion isolator. W= weight. P = forces. Stiffness of the isolator K = K - K,,.

Figure 2 (right): An NSM horizontal motion fsolator

be adversely affected. External to the building,
your equipment may be influenced by vibra-
tions from adjacent traffic, wind, construction,
and other elements.

These internal and external influences cause
lower frequency vibrations, which raise havoc
with nano-instrumentation. The wind blows
and you get a little movement. Just the sway of
itis around 2 Hz, and causes a substantial reso-
nance. A train near the building can cause
movement in the cement slab, nothing that a
viewer would ever feel, but for instrumenta-
tion purposes it has disastrous consequences.

Imagine trying to measure a very few
angstroms or nanometers of displacement, and
you have got to have an absolutely stable sur-
face upon which to rest your instrument. If you
don't, any of that vibration transferred into the
mechanical structure of your instrument will
cause vertical noise. And fundamentally, an
inability to measure these kinds of high-reso-
lution features.

An isolator is used to solve a problem, and
how bad the problem is determines the solu-
tion you need. Since the 1960's air tables have
been used for isolation. Basically cans of air,
they are still the most popular isolators used.
But, 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 optimum performance with mod-
ern nano-equipment. For clarity in scanning
probe microscopes and interferometers, air
tables are an inefficient isolation solution. The
air systems have been adequate up until a few
years ago when better isolation was required.
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As some may recall from the early years of
nanotechnology, research scientists were fond
of suspending their very expensive AFMs from
bungee cords hanging from the ceiling, and
sustained acceptable vibration isolation.
Although some are still employing this tech-
nique, these numbers are dwindling - many
aren't willing to take that risk any longer, and
have switched over to other isolation systems.

One of those is active isolation, also known
as electronic force cancellation. Active isolation
uses electronics to sense the motion, and then
puts in equal amounts of motion electronically
to compensate, effectively canceling out the
motion. Their efficiency is fine for application
with the latest nanotechnology, as they can
start isolating as low as 0.7 Hz, quite sufficient
for isolating the lower frequencies that are so
damaging to image clarity with SPMs and
interferometers.

However, if you can get things mechanically
isolated without having to use energy, such as
electricity, then you are inherently better off. If
you don‘t have to have some form of supplied
energy to run your isolator, then you will not
be so negatively influenced by problems of
electronic dysfunctions and power modula-
tions, which can interrupt scanning.

Negative-stiffness vibration isolation systems
have become a growing choice for nanotech-
nology applications. Not only are they a highly
workable vibration solution, but their cost is
significantly less - up to one-third the price of
active systems - making it an economical solu-
tion to cost-conscious administrators.

Negative-stiffness isolators employ a unigue
and completely mechanical concept in low-fre-
quency vibration isolation. Vertical-motion iso-
lation is provided by a stiff spring that supports
a weight load, combined with a negative-stiff-
ness mechanism (NSM). The net vertical stiff-
ness is made very low without affecting the sta-
tic 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-col-
umn’ effect (a beam-column behaves as a
spring combined with an NSM.) The result is &
compact passive isolator capable of very low
vertical and horizontal natural frequencies and
very high internal structural frequencies. The
isolators (adjusted to 0.5 Hz) achieve 93% isc-
lation efficiency at 2 Hz; 99% at 5 Hz; and
99.7% at 10 Hz.
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PRODUCT: Minus K Bench Top Vibration Isolaters - Small footprint bench top
oration isolators with Y2 Hz natural frequency, Supplied by over two dozen AFM

=anufacturers. Designed with patented MNegative-Stiffness technalogy for low-

freguency vibration isolation, The same technology Minus K uses in custom vibration
slators for JPL and NASA.

PLICATIONS: AFMs SPMs, microscopy, metrology, lasers and optics, analytical
balances

EATURES: » Guaranteed 1/2 Hz verthorz* natural frequency (*horz 8M-1 and
2 } * Passive vibration isolators wi patented Negative-Stiffness technology * Low-
cost and require no air ar electricity = Typically 10 to 100 times better than air tables
» Standard systems handle up to 650 |bs and are vacuum adaptable

PRODUCT Custom Applications with Minus K's Vibration lsolation systems -
Minus K creates custom vibration isolation systems. Most recent is for the James Webb
ipace Telescope (JWST) to be used by NASA, Give us your vibration isolation challenge
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LPPLICATIONS: SEMs TEMs, microscopy, Special vibration isolation needs

LEY FEATURES: = ¥ Hz wert natural frequency thoriz to specifications} » Passive
solators wi Negative-Stiffness technology = no air or electricity

DUCT Ws-4 and MK26 Vibration Isolation Workstations - Vibration
solation warkstations with ¥ Hz natural frequency in bath vertical and horizontal
rections, giving you a full six degrees of isolation. W5-4 workstations as small as 30"
X 30~ and standard MK26 workstations from 250 lbs to 650 lbs with work surfaces from
30" X 36" to 36" X 48",
AFPLICATIONS: AFMs SPMs, microscopy, metrology, lasers and oplics,
analytical balances

LEY FEATURES: »Guaranteed 1/2 Hz verthorz natural frequency * Passive vibration
solators wi patented Negative-Stiffness technelogy * Low-cost and require no air or
slectricity = Typically 10 to 100 times better than air tables » Standard systems handle
o to 650 Ibs and are vacuum adaptable

PRODUCT, Mlnus K Vibration Isolation Floor Platforms - Lasge vibration solation
ystems with ¥ Hz natural frequency for SEMs, TEMs or other special needs. Designed
with patented Negative-Stiffness technology for low-frequency vibration isolation. The
arme technology Minus K wses in custam vibration isolators for JPL and NASA

PLICATIONS: SEMs TEMs, microscopy. special vibration isolation needs

LEY FEATURES: = % Hz wertical natural frequency (Horizontal to specifications)
s Passive vibration isolators w patented Megative-Stiffness technalogy » Low-cost and
re no air or electricity * Typically 10 to 100 times better than air tables = Standard
ystems handle up to 650 |bs and are vacuum adaptable

When you need vibration isolation you need
Negative-Stiffness technology from Minus K°

The best performance and the lowest price. Now that’s hard to beat!

Minus K" Isolators

countr

Without Minus K® With Minus K=

Minus K* Technology's Negative-Stiffness
vibration isolators have been selecled for
ground testing of the James Webb Space
Telescope (JWST). This custom system will
provide vertical & horizontal isolalion at
fess than 1 hz.
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Bench Tops Floor Platforms

Give us your Vibration Isolation Challenge
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