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Nanotubes and Nanolithography Through a
Layer of Ice
From freeze fracturing of biological samples to ice lithography of substrates, the Harvard Nanopore
Group has made some unique contributions to the world of nanodevices by employing ice. "Ice
Lithography for Nanodevices" (Nano Letters 2010) describes how water ice serves as a resist during
high-resolution e-beam lithography. After extensively modifying a field emission SEM, Professors
Daniel Branton, Jene Golovchenko, and their team of researchers including Anpan Han, the lead
author of their Nano Letters article, found that "typical damage and contamination associated with
direct e-beam exposure can be eliminated when imaging through ice." The entire process takes place
inside the modified JEOL JSM-7001F SEM.
Optical resonators, or whispering
gallery resonators, are the optical
analog of an acoustic tuning fork.
They confine light in circular orbits
around their periphery. The
efficiency of confinement or photon
lifetime depends on the material and
geometry of the cavity as well as the
surface roughness. Silica toroidal
resonators, such as the one in this
image, have demonstrated photon
lifetimes greater than 100ns. More>>>
Courtesy of Armani Research Group
at the University of Southern
California. Imaged on JEOL NeoScope
benchtop SEM. See more materials
images on our new Materials
Applications webpage.
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The idea evolved from their extensive knowledge of the properties of ice, which they applied to
unwieldy nanotubes. "We were trying to develop better ways of cutting nanotubes at the end of an
AFM cantilver," Branton explained. "If you try to cut them at a defined place the obvious way to do
that is with an electron beam, but if you bombard a single walled nanotube with an electron beam in
a microscope the nanotube waves around out of the way. You blow it away in the electron wind, if
you will. We wanted to stiffen it and we tried various things. We had a lot of experience with ice and
electron beams, and Golovchenko said, 'What about condensing water vapor on it?'"
They found that condensing water vapor on the nanotubes not only prevented nanotubes from waving
around in an electron beam, but was easy to remove - it evaporates at room temperature. The
resulting etchings they inadvertently made in the ice gave them an idea. "The amazingly fine grain, or
amorphous appearance of ice suggested that it could be used as a substitute for a polymer liftoff or
resist." Not only that, this new resist technique can be used on 3D structures.
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Left Image: Tip of an AFM cantilever with a 25 nm layer of ice. Two 'sun-dial' like patterns have
been written into the ice - created by selectively removing the layer of ice with the e-beam,
exposing the underlying silicon tip in a sun-dial like pattern. Right Image: Spiral like pattern of
continuous metal that has been deposited on an AFM cantilever using the full ice lithography process
-- ice was condensed on the cantilever, ice was selectively removed in a spiral like pattern by the ebeam to create the ice resist, metal was deposited on the entire sample, the sample was removed
from the SEM and the ice resist and any overlying metal removed by plunging the sample in alcohol,
as described in figure 1 of our Nano Letters paper. Both illustrate the ease with which e-beam
lithography can be done on 3-D objects, which is impossible when using standard e-beam lithography
using polymer resists.

ASEM Wins R&D 100 Award
JEOL's unique correlative microscope that combines simultaneous SEM and fluorescent EM imaging was
the winner of the prestigious 2010 R&D 100 Award. On November 11 JEOL and the National Institute
of Advanced Industrial Science and Technology (AIST), co-developers of the ClairScope, were
represented at the R&D 100 Awards banquet in Orlando Florida by Donna Guarrera of JEOL USA and
Chikara Sato of AIST.
Dr. Sato described how the ClairScope is used in
his work: "The ASEM, or pseudo-simultaneous
correlative microscope, is very useful for the
high-resolution observation of cells that are
difficult to culture. The detachable ASEM
sample holder functions as a normal culture
dish, so it can be directly used in a CO2
incubator. For example, we have observed the
primary culture of neurons and megakaryocytes
on substrate-coated ASEM dishes. The cells
were screened for transfected gene expression
by the ASEM's fluorescence microscope from
above, fixed and stained at a critical point, and
immediately observed from underneath by the
ASEM at up to 8nm resolution. Since the ASEM
can observe cells in solution, the antigenicity of
the sample is also preserved throughout the
experiment by the hydrophilic environment, and
the ASEM can be used as a high throughput
immuno-EM. As of now we have tried nearly 50
different antibodies available for immunohistology using optical microscopy, mainly those
against membrane proteins, including ion
channels. Each antibody, conjugated with gold,
successfully labeled the target proteins, and
was observed using the ASEM at high resolutions."

Donna Guarrera of JEOL USA and Chikara
Sato of AIST accepted the 2010 R&D
100 award for the ClairScope.

The co-developers of the ClairScope ASEM are:
Mitsuo Suga, Mitsuru Koizumi, and Hidetoshi
Nishiyama, JEOL LTD, Kouji Ogawa, JEOL Technics
Ltd, and Chikara Sato, National Institute of
Advanced Industrial Science and Technology (AIST).
Earlier this year the ClairScope was also selected for
the MT-10 award, presented by Microscopy Today.
Click here to read the recent paper "Low Cholesteral
Triggers Membrane Microdomaine Dependent CD44
Shedding and Suppresses Tumor Cell Migration"
published in the Journal of Biological Chemistry.
ClairScope ASEM allows concurrent imaging
with SEM or fluorescent EM without
repositioning the sample
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Events
MRS Fall
30 Nov - 2 December
Boston, MA
***
Kleindiek workshop
Dec 1, 1-2 p.m.

From November 30 - December 2, JEOL will host scheduled demonstrations of the new
InTouchScopeTM at the MRS fall exhibition to be held at the Hynes Auditorium in Boston.
The InTouchScope is our new analytical, low vacuum Scanning Electron Microscope (SEM) featuring
integrated Energy Dispersive Spectroscopy (EDS) with the latest Silicon Drift Detector (SDD)
technology. The JEOL model JSM-6010LA InTouchScope has captured the interest of many who are
looking for a compact, analytical SEM.
The new InTouchScope has the familiar feel of today's
personal electronic media. The intuitive multi-touch screen
interface puts all SEM "Apps" at the operator's fingertips.

2011 Gordon Research
Conference on Physical
Virology

See us at MRS for a demo, or visit during the workshop where
we will showcase the Kleindiek lift-out shuttle installed on
this SEM. Contact us for a demonstration or to arrange a

January 16-21, 2011
Ventura, CA

meeting during the show.

AAFS American Academy
of Forensic Sciences
Feb 21-26
Chicago, IL

Pittcon
March 13-18, 2011
Atlanta, Georgia
**
Press Conference
March 15 2-3 p.m.

CryoSEM Workshops Popular among SEM
Users
For two full days, JEOL and Gatan hosted CryoSEM workshops at JEOL USA in Peabody, Mass. Each day
was overbooked and very well attended as microscopists, scientists, and professors came to see firsthand demonstrations of preparing a sample and imaging it using the Gatan Alto 2500 and JEOL JSM7600F SEM.
Squeezing in the number of attendees was at first
challenging, but simulcast demos on a large screen in a more
spacious conference room gave attendees ample room to
move around, although most chose to stand in the SEM demo
room and watch as Marilyn Carey from Gatan, UK prepared
customer samples and even the cream cheese for the morning
bagels to image in the SEM.
For customers who
were unable to
attend, JEOL and
Gatan have discussed
plans for a
repeat workshop in
2011.
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Development of a Cold FEG for 200kV Atomic
Resolution Electron Microscope
Microscopy and Analysis Volume 24 Issue 7 November 2010
Yuji Kohno,1 Eiji Okunishi,1 Takeshi Tomita,1 Isamu Ishikawa,1 Toshikatsu Kaneyama,1 Yoshihiro
Ohkura,1 Yukihito Kondo1 and Thomas Isabell 2.
1. JEOL Ltd., Akishima, Tokyo, Japan. 2. JEOL USA Inc., Peabody, MA, USA.
We have developed a new type of cold field-emission electron gun (CFEG)

Contact us at jeolink@jeol.com or
subscribe here to be added to the
JEOLink email list.
Access past issues online>>>
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for a 200 kV scanning transmission electron
microscope, the JEM-ARM200F. This CFEG provides a
newly developed vacuum system which can evacuate
the area around the tip to the order of 10-9 Pa
resulting in good stability of emission. The CFEG is
thus able to produce high brightness, a small energy
spread and stable emission all at the same time. The
low chromatic aberration from the small energy
spread (0.32 eV FWHM) improves the resolution of Cscorrected STEM. Additionally, the small probe with its
Raw HAADF STEM image of GaN at 200 kV.
high current and small energy spread enables highSpacing between Ga-Ga is 63 pm.
speed acquisition and high spatial and energy
resolution in electron energy-loss spectroscopy. In this
article we describe the design of the new CFEG and demonstrate that at 200 kV the 63 pm dumbbell
of GaN (211) can be resolved and that EELS analysis with a resolution of better than 0.3 eV reveals
the fine structure of the titanium L2,3 edge.
Access the article online

New! Visit the JEOL USA Blog
online at www.jeolusa.com.
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