Measurement and analysis technology, Sensors

Nanotechnology

i Ultra High Speed SEM Specimen Preprocessing Apparatus -A New Solution to nano-Level Observation-

Materials
Keywor

d: Ultra High Speed Preprocessing Technology using High Current Density Glow Discharge, A New Approach to SEM Specimen
* Preprocessing, Collaboration between University and Industry Researchers

‘ O Kenichi Shimizu, Professor, University Chemical Laboratory, Keio University
O Tomoaki Mitani, Deputy Manager, Center for Materials Analysis and Testing, Keio University

Organizations

026

AT O Akihiro Hirano, Manager, Scientific Instruments Division, Horiba, Ltd. )
| Prof. Shimizu Mr. Mitani Mr. Hirano
[Abstract) Project Background Ultra High Speed SEM Specimen

A novel ultra high speed SEM (Scanning Electron Microscope) specimen preprocessing
method using high current density glow discharge was developed at Keio University. The
technology has been proven and commercialized through collaboration with Horiba, Ltd.
With the support from Keio University Intellectual Property Center for a joint research
agreement, patent applications and a license agreement and cooperation with the
company, the commercial product was delivered to the market within 2 years from the
original proposal.

[Summary of the technology transfer)
@Technological Impact
An apparatus with ease of operation was developed for SEM specimen preprocessing,
which used to require dedicated art. An ultra high speed preprocessing was realized using
high current density discharge.
(1)Surface preprocessing with a very short time( 10sec. for example. 1/1000 of the time
necessary using conventional methods.) is possible.
(2)Reduce surface damages to a minimum.
(3)Mono-layer level fine surface preprocessing.
@Market Impact
The new product was delivered to the market in the autumn of 2006 and full shipment is
expected in fiscal year 2007. Around 200 systems per year are expected to be sold in the
domestic market as a tool to obtain maximum outputs from high performance SEM or to get
better research efficiency for those who are not familiar with the conventional specimen

preprocessing art. Higher volume shipment is also expected in overseas market in the future.

@Social Impact
Cross section and interface observation by SEM is the base technology for product valuation

in the development of high performance materials such as steel, semiconductor, ceramics,
etc. . Speedy, efficient and high level observation technology will contribute to a better
efficiency in research and developments.

@Special Features of the Collaboration

Collaboration in joint research was effective in reducing time to market through prototype
improvements, development of application and expansion of the areas of application.

University researchers proposed a novel
method to the industry. Interested industry
agreed to collaborate to prove and develop
the technology.

Funding History

1. 2004/9~2005/9
Joint Research
2.2006/1~2006/9
Sponsored Research

Intellectual property protection

Patent Applications: Japanese 7, Foreign 2
I'Glow Discharge Drilling Apparatus |
Japanese Application 2005-121473

US Application 11/405,891

EP Application 06008021.5

Preprocessing Apparatus

E’ TENSEC

Apparatus enables, with easy operation,
ultra high speed preprocessing of SEM
specimen surfaces for observation. 50eV
low energy argon ions at high current
density give high speed operation with
nearly damage free surface.

Fig. Cross section of
ceramic spray coating

Turning point in the Project

OFoster and develop researcher’s inspiration.

O [Seeing is Believing] Objective valuation of technology with data.
OPromote collaboration between university researchers and industry researchers.

For more information, contact : Intellectual Property Center, Keio University, +81-3-5427-1678, toiawasesaki-ipc@adst.keio.ac.jp
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Technology Transfer of the Extremely Small Magnetic Field Measurement Technology

Keyword: Fluxgate magnetometer, Frequency division, Visualization, Nonlinearity
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[Abstract) Project Background Fluxgate Array

Kanazawa Institute of Technology(KIT), having a long history of sensing technology
development of extremely small magnetic field, has succeeded in embodying the
technology as a multi-sensor system which integrates and visualizes the acquired data.
This accomplishment allows the visualization of the magnetic field which otherwise is
undetectable to human eye. Application of this technology is expected in the areas such as
security checks, IC failure analysis, and estimation of target-object movement or inner
structure through non-contact measurement.

[Summary of the technology transfer)
@Technological Impact
The magnetic field of a nonlinear magnetic material can be readout linearly as follows:
generate second harmonic by winding a magnetically excited coil around the magnetic
material; detect the generated amplitude with a detection coil wound separately; apply
negative feedback. We applied negative feedback by frequency division, fulfilling both wide
dynamic range and high-speed response. The technology enabled measurement of
extremely small magnetic field even under large DC magnetic field exposure such as earth
magnetism. Measurement can be conducted under influence of slow and large magnetic
noise source due to range-wise measurement of frequencies.

@Market Impact
Other than application in the areas such as security checks, IC failure analysis, and

estimation of target-object movement or inner structure through non-contact measurement,
the technology is expected to contribute to geophysical instrumentation and earth resource
sensing because the environmental magnetic field measurement using this technology
allows the measurement of geomagnetic variation induced by tectonic activity, or
geomagnetic anomaly attributed to underground mineral resources. Previously, SQUID
magnetometers which are highly sensitive but expensive have been used for such
measurement although they lacked handling facilities due to liquid helium/ liquid nitrogen
requirement. The new sensors open ways to easy-to-use measurement in an extensive field
of application.

Upon learning through press release about
the new magnetic field sensor developed
by KIT, Ishikawa-based PFU Limited has
perceived the sensor’s technological and
market potential and decided on in-house
development utilizing technology transfer.

Fluxgate-type magnetic

Funding History sensors are positioned by 8x8

matrix in vertical and horizontal

1.Knowledge Cluster Initiative 2004-2008 directions, number of channels
“Ishikawa Hi-tech Sensing Cluster” totaling to 128.

Visualized Magnetic Field

2.University research fund

Intellectual property protection

Domestic patent application : 1
“Magnetic field measurement equipment”
No. 2003-315678

Visualization of magnetic field
generated by electric current
running through a cable.

Turning point in the Project

O A good judge must be organized as a system to connect the new
accomplishment and the social demands.

O A performance tradeoff between spatial and magnetic resolution must
be set.

For more information, contact : Gen Uehara, Applied Electronics Laboratory, Kanazawa Institute of Technology, 81-3-5545-8181, uehara@ael.kanazawa-it.ac.jp
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Keyword: Beneficial results of fundamental research into plasma diagnostics, Patenting technology meeting both economical and social
needs, Development of multi-element simultaneous monitoring system by human network support that transcends regions
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In order to investigate species behavior in plasma processes, Wakayama University and
Nagoya University have jointly developed a measurement method and a light source for
monitoring species using a micro hollow cathode plasma. Two venture companies were
founded under the support of the Knowledge Cluster Initiative of MEXT in order to develop a
system capable of simultaneously monitoring the absolute density of multiple metal atoms in
semiconductor manufacturing processes such as MBE, plasma deposition, and sputtering. A
multi-element simultaneous monitoring system was manufactured successfully.

[Summary of the technology transfer]

@Technological Impact

- Development of a light source for multi-element simultaneous monitoring system by which
small-sized multiple metal atoms can be simultaneously monitored using a micro hollow

cathode plasma.

- Unlike the conventional approach in which multiple elements can only be monitored
sequentially, with this monitoring system it is possible to simultaneously monitor multiple
elements in a plasma that changes very rapidly with time.

- This system is capable of monitoring a variety of processes including MBE, plasma
deposition, sputtering and so on.

- It is possible to construct an autonomous processing system by controlling the process
through feeding back the measurement results to the processing system. This will enable
precisely controlled functional thin films to be produced and will improve yields.

@®Market Impact

- The shape of the monitor can be adapted freely to suit the shape of the processing system.
It can be mounted on virtually all commercially available processing systems. Market
research regarding various semiconductor processing services such as reducing the size
of the system and increasing the number of elements that can be measured are currently
being carried out.

- Trial calculation of the market size for the monitoring system by the number of units sold for
plasma CVD, metal CVD, and sputtering.

2010: 3.5 billion yen

2015: 13.3 billion yen (Source: NU System survey)

The venture companies were established to
manufacture systems that use the absorption
spectroscopic technique and light source technique,
the joint research results of Nagoya University and
Wakayama University, with the support of the
Knowledge Cluster Initiative of the Ministry of

Education, Culture, Sports, Science and Technology.

Funding History

1. 2005-2006 Ministry of Education, Culture, Sports,
Science and Technology: Knowledge Cluster
Initiative (Cooperation with the Industrial
Cluster Project)

2. 2003-2007 Wakayama University internal grant :
Project research of Faculty of Systems
Engineering

Intellectual property protection

Patent application: Domestic 2, Overseas 1
IHollow cathode array discharge tube and
multi-element simultaneous absorption
spectrometer;
patent application 2004-16894 | etc.

etallic element

Opposed type multi-element
monitor light source
(diameter: 34 mm, length: 40 mm)

r

Opposed type multi-element
monitoring photo receiver

* Monitor simultaneously the absolute
densities of multiple ions of Cu, In, Zn,
Mo, and Pb.

- It is possible to monitor multiple metal
elements in multitarget sputtering, MBE,
plasma devices etc.

Turning point in the Project

Olt is crucial to commercialise creative research results based on the fundamental research in

the university.

Olt is important to constantly check the requirements of the market, and to understand
problems associated with it, in addition to the needs at the forefront of industry.
Olt is important to develop human resources who can develop products and understand

market trends from a global viewpoint.

For more information, contact : Hiroshi Hase, Center for Joint Research and Development, Wakayama University, +81-73-457-7552, renkei@center.wakayama-u.ac.jp
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