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David Platus

A passive mechanical approach to minimizing motion makes it possible for
sophisticated instruments such as scanning probe microscopes to operate in e
environments that would otherwise not be practical.

24 November 2008, SPIE Newsroom. DOI: 10.1117/2.1200811.1225

As technology steadily migrates from micro to nano, so
has the need grown for more precise vibration isolation
in lasers and optical systems used in applications such
as industrial testing, microelectronics fabrication, and

biological research. Laser and optical systems, whether
used in academic labs or industrial and manufacturing SPIE 2=»
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environment. These instruments almost always require
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vibration isolation. When measuring a very few angstroms or nanometers of
displacement, an absolutely stable surface must be maintained upon which to
rest the instrument. Any vibration, coupled into the mechanical structure of the
instrument, will cause vertical noise and fundamentally an inability to measure
these kinds of high-resolution features.1

Orlando, Florida LISA

Traditionally, large air tables have been the isolators used for laser and optical
equipment. The ubiquitous passive-system air tables, adequate up until a few Vibration

years ago, are now being seriously challenged by the need for more refined Isolators
imaging requirements. Bench-top air systems, however, provide limited Ten times the
isolation vertically and very little isolation horizontally. Yet scanning probe performance of
microscopes (SPMs), for example, have vibration isolation requirements that air isolators at a
are unparalleled in the laser and optical world. For most SPMs, the vertical axis competitive price.
is the most sensitive. These instruments can also be quite sensitive to i .
vibrations in the horizontal axis. To meet this challenge, so-called negative-
stiffness mechanism (NSM) isolators are able to custom- tailor resonant
frequencies both vertically and horizontally,2 providing increased isolation
performance for SPMs over air tables.
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Figure 1. The transmissibility of a passive negative-stiffness isolator—that is,

the vibration that transmits through the isolator measured as a function of the
input vibrations—can be 10-100 times better than that of a high-performance
air table.

Laser-based interferometers represent another kind of extremely sensitive
device that is capable of resolving nanometer-scale motions and features. The
sophisticated modern ellipsometry techniques that allow this high performance
rely on low noise to be able to detect fringe movement. Properly isolating an
interferometer will allow it to provide the highest possible resolution. But
interferometers and other optical systems are often quite complex. They have
long optical paths that can lead to angular magnification of vibrations. Air
tables can make the problems worse since they have a resonant frequency
that often matches that of floor vibrations, typically 2-3Hz. And their isolation
efficiency is quite limited below about 8Hz. NSM isolators provide isolation in
these environments where air tables simply cannot.
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Figure 2. Schematic of a negative-stiffness mechanism (NSM) vibration
isolator. A vertical stiffness adjustment screw is used to regulate the
compression force on the negative-stiffness flexures. A vertical load
adjustment screw raises or lowers the base of the support spring in response
to varying weight loads to keep the flexures in their straight, unbent operating
position.

What negative-stiffness isolators provide is genuinely unique to the field of
laser and optical systems, in particular, transmissibility: that is, the vibrations
that transmit through the isolator relative to the input vibrations (see

Figure 1). Transmissibility with negative-stiffness is substantially improved over
air systems, and even over active isolation systems. Also known as electronic
force cancellation, this approach uses electronics to sense motion and then
adds forces electronically to effectively cancel out or prevent it. The efficiency
of active isolation systems is adequate for application with the latest lasers
and optics, as they can start isolating as low as 0.7Hz. But because they run
on electricity, they can be negatively influenced by problems of electronic
dysfunction and power modulation, which can interrupt scanning.

Negative-stiffness isolators employ a completely mechanical concept in low-
frequency vibration isolation. Vertical-motion isolation is provided by a stiff
spring that supports a weight load, combined with an NSM. The net vertical
stiffness is made very low without affecting the static load-supporting
capability of the spring (see Figure 2). 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 combined with an NSM.) The result is a
compact passive isolator capable of very low vertical and horizontal natural
frequencies and very high internal structural frequencies. The isolators
(adjusted to 1/2Hz) achieve 93% isolation efficiency at 2Hz, 99% at 5Hz, and
99.7% at 10Hz.3
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Figure 3. An NSM vertical motion isolator. W: Weight. K = Kg - Kn: Stiffness
of the isolator. P: Forces.
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Figure 4. An NSM horizontal motion isolator.

NSM isolators typically use three isolators stacked in series: a tilt-motion
isolator, on top of a horizontal motion isolator, on top of a vertical-motion
isolator. A vertical motion isolator (see Figure 3) uses a conventional spring
connected to an NSM consisting of two bars hinged at the center, supported at
their outer ends on pivots, and loaded in compression by forces P. (The
hinged bars are for illustration only. Flexures are used in the isolators to avoid
stiction and friction.) The spring is compressed by weight W to the operating
position of the isolator. The stiffness of the isolator is K= Kg - Ky, where Kg is
the spring stiffness and Ky is the magnitude of a negative stiffness, which is a
function of the length of the bars and the load P. The isolator stiffness can be
made to approach zero, while the spring supports the weight W.

A horizontal-motion isolation system is illustrated by two beam-column
isolators (see Figure 4). Each isolator behaves like two fixed-free beam-
columns loaded axially by a weight load W. Without the weight load, the
beam-columns have horizontal stiffness Kg. With the weight load, the lateral
bending stiffness is reduced by the beam-column effect. This behavior is
equivalent to a horizontal spring combined with an NSM so that the horizontal
stiffness is K= Kg - Ky, and Ky is the magnitude of the beam-column effect.
Horizontal stiffness can be made to approach zero by loading the beam-
columns to approach their critical buckling load.

As industry and universities continue to broaden their laser and optical
research and to devise applications necessitating more sensitive equipment
and expanded lab facilities, vibration-handicapped environments will become
more prevalent. A better vibration isolation solution will be required than has
been available up to now. NSM vibration isolation is a highly workable solution
and costs significantly less than conventional alternatives: up to one-third the
price. Improvements in our negative-stiffness technology will continue with the
addition of new standard bench top and workstation configurations to
accommodate additional laser and optical systems. For example, the BM-1
bench top platform capacity was recently increased to 1000lb, and a new
stand for the BM-1 platform will offer a compact workstation to conserve
valuable laboratory space with approximate dimensions of 24x 24 x 30in.

David Platus
Minus K Technology
Inglewood, CA

http://www.minusk.com

David L. Platus is the inventor of NSM vibration isolation systems, and
president and founder of Minus K Technology, Inc. He earned a BS and a PhD
in engineering from the University of California, Los Angeles, and a diploma
from the Oak Ridge School of (Nuclear) Reactor Technology. Prior to founding
Minus K Technology, he worked in the nuclear, aerospace, and defense
industries, conducting and directing analysis and design projects in structural-
mechanical systems. He became an independent consultant in 1988. He holds
over 20 patents related to shock and vibration isolation.


javascript:NavOnClick('http://spie.org/x10.xml?WT.svl=mddh1','Mega Drop-Down');
javascript:NavOnClick('http://spie.org/x306.xml?type=all&WT.svl=mddhce','Mega Drop-Down');
javascript:NavOnClick('http://spie.org/x399.xml?WT.svl=mddp1','Mega Drop-Down');
javascript:NavOnClick('http://spie.org/x307.xml?WT.svl=mdde1','Mega Drop-Down');
javascript:NavOnClick('http://spie.org/x1720.xml?WT.svl=mddm1','Mega Drop-Down');
javascript:NavOnClick('http://spie.org/x2764.xml?WT.svl=mddi1','Mega Drop-Down');
javascript:NavOnClick('http://spie.org/x37239.xml?WT.svl=mddcc1','Mega Drop-Down');
javascript:NavOnClick('http://spie.org/x1004.xml?WT.svl=mddn1','Mega Drop-Down');
http://spie.org/x648.html?product_id=363841
http://spie.org/app/comments/submitcomment.aspx?TC=TC:Lasers_and_Sources&ArticleID=x31693
https://spie.org/app/signon/?redir=x31693.xml&ID=x31693&ArticleID=x31693
http://spie.org/x1004.xml
http://spie.org/x2418.xml
http://spie.org/x2416.xml
http://spie.org/x2416.xml
http://spie.org/x2412.xml
http://spie.org/x2410.xml
http://spie.org/x2410.xml
http://spie.org/x2408.xml
http://spie.org/x2406.xml
http://spie.org/x2406.xml
http://spie.org/x2404.xml
http://spie.org/x2402.xml
http://spie.org/x2402.xml
http://spie.org/x2400.xml
http://spie.org/x2422.xml
http://spie.org/x2414.xml
http://spie.org/x2414.xml
http://spie.org/x2420.xml
http://spie.org/x2358.xml
http://spie.org/x2970.xml
http://spie.org/x648.html?product_id=363841
http://spie.org/x648.html?product_id=363841
http://spie.org/dss
http://googleads.g.doubleclick.net/aclk?sa=l&ai=B2zysXPqsS9fTFoui6QOW5sl15_ScmwG3iqKrAcCNtwGglS0QARgBIMatrxQ4AFDMwt_g______8BYMne6IbIo5AZoAGhqKb_A7IBCHNwaWUub3JnugEKMTIweDI0MF9hc8gBAdoBHmh0dHA6Ly93d3cuc3BpZS5vcmcveDMxNjkzLnhtbKgDAcgDB-gDWegDvAPoA7ID6AMM6APnAfUDAgAARA&num=1&sig=AGiWqtziaHvfyDFBfxs3jyz4oySqvxBxvg&client=ca-pub-5165023645909882&adurl=http://www.minusk.com%3Fga%3Dvibration%2Bisolators
http://googleads.g.doubleclick.net/aclk?sa=l&ai=B2zysXPqsS9fTFoui6QOW5sl15_ScmwG3iqKrAcCNtwGglS0QARgBIMatrxQ4AFDMwt_g______8BYMne6IbIo5AZoAGhqKb_A7IBCHNwaWUub3JnugEKMTIweDI0MF9hc8gBAdoBHmh0dHA6Ly93d3cuc3BpZS5vcmcveDMxNjkzLnhtbKgDAcgDB-gDWegDvAPoA7ID6AMM6APnAfUDAgAARA&num=1&sig=AGiWqtziaHvfyDFBfxs3jyz4oySqvxBxvg&client=ca-pub-5165023645909882&adurl=http://www.minusk.com%3Fga%3Dvibration%2Bisolators
http://www.google.com/url?ct=abg&q=https://www.google.com/adsense/support/bin/request.py%3Fcontact%3Dabg_afc%26url%3Dhttp://www.spie.org/x31693.xml%26hl%3Den%26client%3Dca-pub-5165023645909882%26adU%3Dwww.minusk.com%26adT%3DVibration%2BIsolators%26gl%3DUS&usg=AFQjCNHuWvar-PX3XtQziRhgiHXDNkuMDQ
http://spie.org/x31693.xml?pf=true&ArticleID=x31693
mailto:?subject=SPIE.org : SPIE Newsroom : Negative-stiffness vibration isolation in laser and optical systems&body=http://spie.org/x31693.xml?ArticleID=x31693
http://spie.org/documents/Newsroom/Imported/1225/1225_4400_0_2008-11-18.pdf
http://www.addthis.com/bookmark.php
http://spie.org/Images/Graphics/Newsroom/Imported/1225/1225_fig1.jpg
http://www.minusk.com/
http://dx.doi.org/10.1117/12.363841
http://www.minusk.com/content/technology/performance
http://www.minusk.com/content/technology/performance
http://spie.org/x13.xml
http://spie.org/x31606.xml
http://spie.org/x2739.xml
http://spie.org/x17831.xml
http://myspie.org/
http://spiedigitallibrary.org/
https://spie.org/app/accountmanager/create/?redir=x31693.xml&ID=x31693&ArticleID=x31693
https://spie.org/app/signon/?redir=x31693.xml&ID=x31693&ArticleID=x31693
http://spie.org/x13.xml?WT.svl=tn3
http://spie.org/x1656.xml?WT.svl=tn4
http://spie.org/x988.xml?WT.svl=tn5
https://spie.org/app/ecommerce/index.cfm?fuseaction=cart&redir=x31693.xml&ID=x31693&ArticleID=x31693
http://spie.org/x10.xml?WT.svl=tn7

