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Overview of IEC Research in TITech

Tokyo Institute of Technology

e Fundamental research
e Discharge characteristics, NPR, etc.

e Application intended
e Manufacture of PET drug (D-3He)
e Explosive and illicit material detection
e High quality semiconductor production

e Device type
e Spherical, Cylindrical, Coaxial double cylindrical

e Operation: DC, Pulsed
e Magnetic-assist (Cusp or uniform magnetic field)



IEC Devices in TITech

Tokyo Institute of Technology

U S

Coaxial double cylindrical IEC - Magnetic-assisted IEC



IEC Research

Tokyo Institute of Technology

e Started in1997 with a spherical device

m Objectives: Fundamental Characteristics
— Electrical discharge: Breakdown voltage
— Space potential distribution
— Spectroscopic measurement
— NPR



Spherical IEC Device
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Breakdown Voltage
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Floating Potential Distribution

Floating Potential [kV]
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Spectroscopic Measurement

Tokyo Institute of Technology
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Neutron Production Rate
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Cylindrical IEC Device

Tokyo Institute of Technology

e Objectives: Improvement of performance
m Increase the neutron flux near the device

Neutron Flux
] N/2L
4=, Amir? +(z—1)%]

Al = 2r r r

dl

(r, 2)

=
Il

Line source

N
Il

Normalization

L

1)
I

\ N /4°




Neutron Flux Distribution
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Schematic of Cylindrical IEC Device

Tokyo Institute of Technology
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Cylindrical IEC Device
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Magnetic Cusp Field + Anode Bias
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Effect of cusp magnetic field on NPR
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Anode Bias
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Effect of Bias Voltage on NPR
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Region of Stable DC Discharge

Cathode Voltage [kV]

50 [ . [ . [ . [ . I
Plain Device |
40 —
30 + —
with Cusp 1
20 -—
10 ! , . +150V bias | . ! .
10 20 30 40 50

Cathode Current [mA]

Region of stable discharge

Stable region shifts to
higher current, lower voltage

60

»

Tokyo Institute of Technology

Periodic discharge occurs
with cusp magnetic field

n 60

0 [ ! T T T T T T

H40

10+ 20
0

4220

Cathode Voltage [kV]

Cathode Current [mA]

20 I . I . l .
20
Time [ms]

10 mA, 15 kV, no bias

High neutron yield is available
In PULSED operation with an
adequate power supply

18



Pulsed Operation of IECF Device

Tokyo Institute of Technology

The pulsed power supply was developed for landmine detection system

DC: 60 kV, 60 mA
Pulse: 54 kV, 3 A, 40 ps, 100 Hz
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NPR in pulsed operation
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NPR Dependence on I .
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Coaxial Double Cylindrical IEC Device

Tokyo Institute of Technology

e Objectives:

m High quality semiconductor production by Neutron
Transmutation Doping (NTD )

e Improvement of performance
m Uniform irradiation area
m Increase of NPR
m Long operation time

Neutron Transmutation Doping
http://sangaku jaea.go.jp/3—facility/02—field/index—16.html
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Neutron Transmutation Doping (NTD)

<Principle of NTD>

wsi4n  ED s m) Ipsp

(Neutron capture) (B~ decay)

Tokyo Institute of Technology

Silicon ingot

(http://www.sumcosi.com/products/index.html)

Development of New IEC Neutron Source

-

Requirement )
Uniform irradiation

Increase of NPR

Stable long time operation

J

fl> Coaxial double cylindrical device
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Coaxial Double Cylindrical IEC
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® Uniform neutron irradiation aiming at NTD : °Si (n, ) 3 P
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Measurement of NPR, Uniformity of Irradiation

' Tokyo Institute of Technology
Polyethylen (PE) block
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NPR Dependence on Current

Tokyo Institute of Technology

Cathode V{:ltagle :plate(1 num)
w/o coolng
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1 06 | with coolng
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current (mA)

Max. NPR 1.5X%X 106 n/s

(Rod electrode, with cooling, -45 kV, 60 mA)
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Dependence of Uniform Irradiation Area on Electrode Shape
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Recent IEC Research

€®Beam-Beam fusion reaction

v’ Distributed lon source
v'High current operation
v Low pressure operation

§ v Magnetic field
& v Low pressure operation

v lon confinement

Tokyo Institute of Technology

Azimuthal cusp
magnetic field

Magnetic assist

Upper vievylnngndow

N,
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Cusp magnetic field: From axial to azimuthal

Tokyo Institute of Technology

Azimuthal
: direction
Axial
direction >
Electromagnet
Coll M {40 ‘
4 L1 Permanent
magnet
Axial cusp magnetic field Azimuthal cusp magnetic field

Electrons move in axial direction by ExB drift  Electrons drift in azimuthal direction
— Electron confinement is not good enough — Better electron confinement

Kel Takakura will introduce the results this afternoon



Summary

Tokyo Institute of Technology

e Several types of IEC devices : DC and pulsed operation

m Spherical device: Point source
— fundamental research
— Beam-beam fusion using differential pumping ion sources

m Cylindrical device: Line source

— Line cusp magnetic field was tested
o Pulsed operation: Max. NPR 7.4 x 10° n/s at 80 kV, 15 A, 20 us

— D-3He reaction was demonstrated to get high energy proton (14.7 MeV)

m Coaxial double cylindrical device: Cylindrical source
— Uniform neutron irradiation area
— For high quality semiconductor production by NTD

e Recent research: Effect of magnetic field
m Uniform magnetic field
m Azimuthal cusp magnetic field
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