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Novel carbon-nano-structure fabricated using plasma process with radical control Su%anﬁ‘?{‘t}ng

Radical control enables:

- Fabrication of novel carbon
nanostructure, called carbon nanowall
(CNw)

- Fabrication of CNW and CNF without
catalysis

+ Development of large area fabrication
system for multi-carbon nano structure

Industrial applications

+ Field electron emitter
+ Gas storage
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The First Venture Business from Nagoya Nano-Technology Cluster of Innovative Production System
(Venture Business from Nagoya University)
~ Innovation of plasma process equipment on the basis of a nano-unit science ~
Aiming at realization of "Autonomic Nano-Production Device"
using various absolute radical density measurement as a core.

NU-Eco Engineering Co., Ltd.
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Description of study

By using radicals with high reactivity, the highly precise etching in the nano-scale and the fabrication of the
functional thin films in the low temperature such as the room temperature are able to be realized.

In order to industrialize nano-technology as mass-production technology, we will develop the next generation
manufacture device "Autonomic Nano-Production Device". The device controls a process autonomously with
the ultra compact smart sensor(radical diagnostic sensor) to monitor the radicals and the control system
feeding back the information from the smart sensor.

Autonomic Nano-Production Device

Radical monitoring system

Autonomous Nano Process System Direction to "Autonomic
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Ultra-small radical
diagnostic sensor.

.3 - 1T%
%?Ct'on Space ST Etching Conditions
: [ St N . Side etchlng —
. . O JZ. G o o : g Vd?ro?aolof\li)\-lrvorgieprleo%ssucr:ffpa Bowing
Monitoring sensor =R 300
Substrate = SiO>
Temperature T Na/Hz A
Film thickness 10nm £ MESUCI | oW-K film
Film structure / / \ g 2001 L
Film composition v [ “‘ < SiGz
| o | HI(H+N)
Q [ Radical density  0.17
<
£ 100
Nano Nano print  Particle Carbon w o
process cluster  nanostructure L N2/NHsa
¢ HyfHy Plasna Plasma
L, T NefWsPlaa
0 0.0 0.2 0.4 0.6 0.8 1.0
H/(H+N)Radical density ratio =
A nm
Etch rate as a function of Etch profile as a function of
\ H radical density ratio H radical density ratio )
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In order to perform highly precise process, it is

. . . . . . necessary to carry out the monitoring of absolute
(DUltrahigh density of ions and radicals(active species) radical densities in plasma and control it by the

@Increase of polymerization by collision between species
(®High compatibility between plasma and liquid phase
(Irradiation to living body)

information of the densities.

Radical and atom source with which particle
density is guaranteed have been developed
making full use of the radical density
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+Ultrahigh etching of SiO,

Electrode surface by H radicals

« Nitrization by N radicals

+Fabrication of
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