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SUMMARY

An accurate measurement of the escaped neutral particle from the Tokamak is very important
since it can check ICRF heating condition. The plasma properties in the Tokamak can be
deduced from the measured neutral properties and used for the control of a heating process.
Currently, NPA (Neutral Particle Analyzer) has been used for the diagnostics of an ion energy.
NPA was developed in Russia in the late 1980s, and the loffe Institute has the unrivaled
technique that can directly measure the energy distribution or flux intensity of H and He
nucleus. However, NPA including multi channel detectors cannot be produced because of the
size and production cost problems. Recently, compact semiconductor, such as a silicon diode
or a rubber diamond, has been used for the measurement of the neutral particle’s energy.
CNPA (Compact Neutral Particle Analyzer) has the advantages with extreme compactness,
lower equipment costs, and simplicity. CNPA adopted a silicon diode as a detector and consists
of pre-amplifier, shaping amplifier and pulse-height analyzer. Generally, currents in the system
were generated after ions or photons injected to a silicon diode. In other words, the neutral
particles are essentially instantly ionized when they strike the detector. A neutral particle
reached to a silicon diode generates the pulse signal with the electron-hole (3.7 eV) pairs. It
converts to a voltage pulse by a pre-amplifier and is amplified through an amplifier. Final
voltage pulse height presented the linear output about the energy of incident neutrals.

In this study, CNPA system was set up and calibrated. A silicon photo diode (AXUV3ELA)
was used for measuring the energies of the neutral particles. First, CNPA is calibrated by the
Am-241 and Ba-133 gamma-ray sources. For the calibration of CNPA by the ion beams, the
ion beam accelerator system was designed and fabricated. The ion beam from the cold hollow
cathode ion source is accelerated through an accelerating column made of the Teflon insulators
and copper electrodes. The experimental purpose is calibration of the CNPA with ~ 100 keV

energy range using accelerated ion beam.

@ jeju



As a result, silicon detector is calibrated by Am-241 and Ba-133 gamma-ray sources. The
calibration was performed by the peaks of 31 — 79 keV. To calibrate the CNPA for higher
energy range, ion beam system was prepared. Cold hollow cathode ion source was used.
Optimum ion beam current is measured because of the protection of silicon diode. The
highest ion beam current of 3.4 uA was obtained at the gas flow rate of 2 sccm and plasma
bias voltage of 650V. And appropriate extraction gap distance of 1 mm is optimum for the
high ion beam current. lon beam acceleration energy cannot be measured by reversed
discharge in ion source. But the accelerated ion beam will be detected by appropriate
modified experiment and will be accelerated up to 200 keV.

Accordingly, CNPA system can be applied to the measurement of the neutrals from the
Tokamak by this experimetal results. Also, It is possible to apply it to the general plasma and

radiation diagnostics.
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1.2. Tokamak
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Magnetic Fielc

Fig 3 Cyclotron motion of plasma particles in magnetic field
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1.3. KSTAR (Korea Superconducting Tokamak Advanced Research)
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2.1. Joule effect
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3. CNPA (Compact Neutral Particle Analyzer)

of" &=do] 74l AHYd w= FF7F sH7EAOlARE plasma ZGE7F EH ™
AA7F Do vhef dapel o]z o® Feldt. 58 TEI dUAE ¢A X
A= T4 A E dol lerw T Al 7HA JArE 3EEHA dv ARk
<27t AR A 9o Aol FE FgEe] 2 7F o, 3 7F o], &
A7 B 2ed A4 AAUA Ik mebd ©@esh 7A A dEg
T4 YAE FTH7F EA Wopxith olgA o] dtEe] AsE Wi
Azpz1ge] Qe Az FJold v "Wolurle stal 9§ ARl
EEsko] ##ol7lk . =, Tokamak AH7]&el 23 1129 plasma 9
Lo gAds] Bgety ol L5V £ %7l WU plasma 9 A TS

Ho

AEe] Vo] AeskA ®dh oY plasma YAES Adsh] S W

—

NPA (Neutral Particle Analyzer) XtHH-& & 4 Stk Tokamak plasma 2]
PAES i ol2std ez SAsA "ot ol ¥ dsk wEk vkg-ol
o]sto] WA EE= AHA FHAAES A ES F= slol WA Yo
Ak olu wAUe FAYAEL plasma e AXRE agE 7HAs
Rorw olF olgd duAE st He Zolth wEbA, 1 oy

AR AE2 v T Ao F9YAE ol I dstu gk whe2

Hcold + Hl’TOt - Hgot + I—l:-old (3)
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el At A go] A )l e 29 plasma W o2k Hl

i)

NPA = g3 plasma Z5E WEHs sYYAE] dstug 228 4

Hog =Ag 4 Qitf= AHo] Q. &2 “E—parallel-to—B" EFY] 2] NP

>

A + stripping cell & ©]&3l] TAAUAES Alol23) Al7]a Ay AGE

o] g35te] x5S AIFA|Z] & micro—channel plate detector 914 A&} EFH
etal vk 1y 719 NPA & =A7]¢h An] Al 89 242 Qlsto] o)
g HE7] ARe] JAEo1AL Ak HZoll silicon diode W A tho]olE =
HE7] T3 22 &% WA JE2715 AFEshs digte] AA I QT

Fig 9 i= NPA °] & ¢z9 CNPA ¢ A& E nluste] RojFEr, CN
PA + HE NPA ¢ vlmwste] EH 7% g& F& 710, A HAZ steering
electromagnetic =5 AA sto] aF At s8€o| glo] Foh= Aot 1A
gk ICRF ©f 2l&iA 7kgd¥ D(H)plasma oA BAEHE FAHUYAE g = o
A7) w&el EAZE A kv F MAE NPA BHuh w2 counting 5 &

7Hzth NPA AZ7) oA+ B2 detector 7F A A Hof glem=g 43] o FL2

tlo

counting &9 714 Sdbe] @lA9F PHA (Pulse height analyzer) REE
7IHFS. 2 3Fi= CNPA o|X = 28974 T3t wAI7F HA &=tk dA %] PHA

A A~®El T Alo] Fig 10 o YeRY 9t
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1

Stripping cell

Si detec%

Electric field

Grou

Plasma IJ

)

Beam dump
V plate

Photons, neutrons, neutrals

plasma

Detector

Fig 9 Comparison of NPA and CNPA
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Bias Voltage

@ , I _{ n _| Count

Ion or Energy
Photon

Si Diode  Pre-amplifier Amplifier Pulse Height Analyzer

Fig 10 General pulse height analyzer

CNPA + dWt4 © =% silicon diode & detector & 3&}3l Pre—amplifier, sha
ping amplifier, pulse—height analyzer & T ¥t} 4 Y7} silicon diode

of Fuls|H FZ} o|23lH 1 Ax-AF (3.7eV) 9 pulse ANETE A

o

o},
o] Al 59| Pre—amplifier & %3l voltage pulse A& % W% 31 amplifier
£ 3 voltage pulse 2350 ST FHF voltage pulse A& 59 Fo]+=

AALE FAJAES energy o ot A8 A kS YeERAT O A E pulse A%
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4. Cold Hollow Cathode Ion Source

Fig 11 oA & F gl & E= o= kg dAws dgzoew

EYAA A3 2SS jon beam ©]gF 3ttl. lon beam 9 = plasma 9
AFos 24 2 dF 2Ee JdUATE AR FHACcR EE £t
Plasma + %3] Wdolghs dA4TE 7FAA T ion beam o A% HH#

plasma oA AE% jon S BOZ Zojf&= Zlo|t}

Ion beam & TAA717] fleiA] WA plasma & LA A|AoF sttt ofE
plasma = WAAZ]=71o] Wl lon source & EHF & 4 2+=dH micro
wave, radio frequency, cold hollow cathode = DC & ©o]§ & 4 gloH
Zzkol g ME e gAS et

E3F [on source 2] beam & Ion optic system © &3] =A% A Ft} Ion
optic system ©]§ ion beam 9| o|UA| ¢ WE & doJ2 =4 Tl sk
grid 2 744 ¥ system & @t} lon source o4 WE5+= ion beam < Ion
optic system 9| grid A= T FH, B, A7), APl wmet x4o]
7Fsst, A7FAStel wet ion beam ©] W3}ST}, grid o FFA Q1 Rk ukgt

=3 Felo|A focus, BH3 FE oA collimate, E=3 FHejo|A diver

Ion source < AWbAOo = 7|A9 WHs 93 HHES ol NUAE
7Vet7] flst F=, o] WES $% optic system, ©]23} A&S Fo|7] $%t

FyAA o7 FRET oS E9], Kaufman ion source oA ddA= Hg}
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AEZRE WEHsd 249 7AAA} 2559 plasma & A4 ")

A@eln Bd A $FUAE A7 PAAG Vool olal) AH&Het,

Emax = €Vg (4)

et AR FEFEC] TG wEpd s~ mT FR

27} oW Aoz FA71A9 ol

D)
A}
ol
o
i)
©
N
©
2,
2L
10
Mo
off
o,

AGets T dEC] 7] dzel AiA 2l Ton source & #g §hgo] wtobA
A8 Al A7k AYA A E o] ion optic system °f 93] WEH

o]o Hkal]l Cold hollow cathode W4]2 ion beam & Zo] $4=3ta1, 7}740]

A, vgAd 9@ B3 VIAE ol o ®E AFEE = Qlo] AR Aol de
AFE-E 31 Qlt). Fig 11 2 cold hollow cathode Ion source & Ho] =1 Ut}
Cold hollow cathode Ion source <= 1—cold hollow cathode, 2—anode, 3—
igniting electrode, 4,5—permanent magnet 6—ion optic system ©. & A}
Kaufman Ion source & F#tHE 7tdef] ot AHAAE 7149 o]2stgdow
AFE3HE WA cold cathode lon source <& cathode A9 S 2% WHS
ol g3te] AAE AAAZILE &, FA7IA7F cathode & F3HE o Wd dgs

A7FstAl W A F25 Wxe] At S5 WHeR AdH dAAE

=2
o
107]
=
o))
%
=z
it
0,
i
Ol
ol
2
N
o,
N
i‘
fo
1o
i
off
o
,
oZ,
>,
)
=2
o))
2]
8
aQ
il
o,
2,
>,
Y
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Biad

3

Fig 11 Schematic of cold hollow cathode ion source
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ol w2 e e vl elty, shRIAL A e gte] o] A&tk ey
o] ¥ I 2 AR tE FIE 7R AR AbeldAE dF o,
Ze F5E R A HYow Aget dubFow AAs Azshd

A7 olalg 4 At} o] S ZFF9 ¥ (Coulomb's law)olztar stof. A x)e}

75719 dEle ol AAE olgd Aon. THETI= oles AAsh
A718s ol &3 =& AAAE dolFo] 7HE5A71a, olF A|FS o] &5t
Ash= HA SR olFAl7|= A olth lon source °A4 ¥ ion beam &
& ALAAE FHete] 2= Y (Lorentz force)el & 7h&5E A #Th

axpa gAel s WFS whel Frh Ash:

P71 7S aNlel weh A9k TIeh 49k TIR uEe, ThES A
FHol wel AATETIeE A B FolUME R FREY AU T)E
TE s axy Ad HEel webd ThEshe Zlojal, SARXE-
AeAA Y My a2 A il 7] (Van de Graff generator) 9F o] A&/
aASkemA Arjel] ThEeke A 1T AAEE ol gske A Fol vk
Y77 dAE 1T d¥AL et ThEss Jo®, AJEREE

(cyclotron), WE}FE & (betaron) % A IR EE (synchrotron) 5°] At}
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w2}

7H Q1o

AAe] FHA WE YL

S

Yehdt.

PR 7]

o3

Table 2 Characteristic of various particles

A% 747101,

A7

7FE7] Tl aLeluvA kSTt A g7k 7]ol v Table 2 = 71

Particle Electron Proton Heavy Ion

Source Electron Positive H Heavy Ion

Pulsed Simple Structure, Complex Structure, Complex Structure,
Acceleration Long life time Short life Time Short life Time

CW Acceleration

Simple long

Structure, Long life

Complex long

Structure, Short life

Complex long

Structure, Short life

time Time Time
Construction
Low High High
cost
Maintenance Low High High
Size Small Large Large

@ jeju
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. Ag9Hd 8 4

Isolation Power lon So |
Transformer ™  Supply = 'On source
Y ) )
Accelerator o High Voltage
Power Supply
- e/ Y,
lon Beam

Gamma ray
Source

-
L

Fig 12 Component of experimental device

Fig 12 + Al AddA9d ANA" FAS Hosr. AAZd Ad
A= Ton beam QAZEF 7FE5E 98t Ton source £} accelerator, Isolation
transformer, H.V Power supply, lon beam =742 3} silicon detector,
pre—amplifier, amplifier, MCA, Gamma vision software = A% o]glt}.
Pre—amplifier &+ Ortec 142—AH model & AF£3}3°9Y, pre—amplifier
power ¢} silicon diode 2] bias + Z+Zt CANBERRA A}l Power Supply
model 3102 2} Spectroscopy Amplifier model 2020 S AFE3I3 T MCA +

Ortec AF2] Trump 8k EYS AME3YG 1, 1024 AEE AU} oA
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t}. ¥ Chamber &+ AZ 50cm, ¥°] 80cm 9 dEFHo =z A Z P o,
L 1x107*torr FYGNA HAFEAT. Chamber ¢8H-& 387 95k
Alctor acc 1009 ¥ APO|AZ= AFE3A o™, Ton source = A 71~ 9)

[e)
Hk-5-

o,

7}A%E ion beam ©°.2 AAAZ 4 %= Cold hollow cathode Ion

source & ARG SFAHh Fig 13 2 AAA ] AdZA 9 ARE BoEh

Ion Source
Power Supply
Isolation
Transformer
Pico

Ampere meter

Mass Flow
Controller

BIN

Vacuum Gauge

Fig 13 Experimental device
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1.CNPA 4 A3

Silicon diode %+ INC(International Radiation Detector) AXUV3ELA
2de AFE3F9T Fig 14 & AXUV3ELA silicon diode 2 wjd3y EXA S
Bol&tl Diode HI¥9-S 1mm?® diode 3 72 FAHAOCH, detector -
dTell= obF ek (3—7nm) &Fvlw FE7F F2E o] gl o] dFulw dH
= Y B UV 9 7MAEAAEs Adets s oAl Ho] wol=E Eolve

Z3%= AEY. Silicon diode ¢ ~100 keV Addthe] &34<¢l oy =4S

K

el wHS gk g AYdorE Am—241 ¥ Ba—133 & o] &3
Silicon diode ¢} tfo]2 = AZAS AAS T vacuum flange feed—through(9
pin) & AFg£3F%] vacuum chamber 9} 433t} Silicon diode ¢F Pre—

amplifier AFol2] 7+ZALS Hus+ 714A A4 sttt Pre—amplifier ¢ 4

=

At +24V o]al, silicon diode $ Pre—amplifier AFo]9] 7+2A& Huj
74 A A7 skith. Silicon diode bias A 50V & F=91th. Shaping time &

2us®E F3, gain = 500 &= 3T}

—= S16mm =
NOTCH
T T T \

l THREE ELEMENT _
SILICON CHIP

T.44mm

M r M

096 mm—s=p t=—

Model no. Sensitive i Shunt Capacitance | Risetime
Area (mm) Resistance (10-90%)

(mm?) (MQ) (nSec)

AXUV3ELA# 1(X3) 1X1 (X3) 1000 40 1
Fig 14 AXUV3ELA Silicon diode arrays
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2. Ion Beam #A

=il
%
o
>
i

012 3 (cm)

Fig 15 The scheme of ion source

Fig 15 += Jon source 9 A @HEE HAAFEY Jon source & FL2

TFAHLAE (1,2)52 chamber ; (3,4) <= %= A4 ; (5,6)main ¥}

additional gas distributors ; (7)0]& F= A

l>

2 FAEY. gas distribu

tor © A7|F o7 AAFo] HAAHY. orifice(8)+= 74 1mm olth. &=
G2 AAAR AAstdz (10 dzAde 93] cooling HARoH, (11)F

A A S o] &3} accelerator £ lon source & 433t
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Fig 16 & Ion source 3 E2%E HoFrh 7[A FUFE &3+ Ton source
e S502 99 FA7AE WA A A (Dol d7bE= st
24 9& &= chamber WollAl glow discharge 7} dojydt}. Glow dis
charge °f oJaff AAFH = A= =2 A Zolol| & = chamber =

A 2= F= chamber WA F/3 7149} S8k plasma &

===

T
[
[

il === -

K d
|

|
+
+
Ej

Fig 16 Circuit diagram of ion source

olmj %= chamber F¢ A7l €J38lo] plasma 7} 3]&o] Aoy o,
72~ o)l3 a8&S ST7F AIA "tk 5, plasma WEE FTUHA7IAl ®h
plasma ° FHF(2)S JAVIAII™E o] QIVIATIE FHSel st
AAAE DA =, F o] FF Mol negative WS Ao] o] &7tk o}
A ®t} Ton beam of thdk A

st A7 574& 918l Faraday cup = AHAl A&
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st o] QA=A 60mm Aol =4 st Faraday cup ¢ A=A
F WA 30mm E stgled, Ao ¢4 50mm = AZsdnh dFAlE

&L A5 HAAFHAEY feed—through S G431 2 F oA Pico ampere

3.Ion beam 7}4 9 9uyx =3 A

Ion source ° FHYsh= 7IAE 5% 99.99%° Ar 7FAE AFEERGloH,
&S MFC(mass flow controller) & AF&sto] Z@eF3th. MFC oA control
7V VA ES 1~10scem ©]t}h. Ion beam accelerator 9 t]AFel2 Solid
works program < AFE&3th Program oA Ul dE B5ak A oA

S AA3F BES Fig 17 A4 & 4 Qo

Fig 17 Accelerator design and installation
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lon beam hole

Before

Gas passage Corona separationring

Fig 18 Accelerator electrode

vacuum chamber ¢} accelerator ¢ AAES st ZFHAE  AFE-3ho]
connector & A&, AAA = Teflon & AFE3EATH Teflon & A&
20mm @gow AFsGlaL Ay pEFA Y xo] 2HE @
atoith. Fig 18 & #=9 EHS RojFEth AF 300mm 7% 9 715 20mm

HAoR AARAY. ER, TR Al AT BREeA 24T 5 e

corona WS =0]7] 93l corona separation ring = X3} t}.
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Fig 19 Mounted collimator at Feed—through

| —

lon beam accelerator += ion beam ©] {JollA old|WtEdor s2x= A4
Hoow, a34<2l Ion Source 7H5& {8kl A= Alolmitt 1GR9 A=
A4 3t} High Voltage @90 2= KSC AFS] 100kV, 3mA & AF&3tit).

Ion beam 2] 7}l whelt 254 542 silicon diode & 4% of7] & &

ol

Qo PR reflector & AX3Fe] HEALE ion beam & 7433t Ion source

ol

beam & wW&kd kS A 717] YsFe] vacuum flange feed—through

collimator & A X3} t}. Fig 19 = collimator 7} A ¥ E&5S HojF=t}.
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v. a3 94 33

ol Aol M= flel Fojxl AgWel wel ddAdE va 2

A2 YUY A HA Ton source beam 42 ¢33t silicon diode 9
WHAHE Sk A WA APelA AL AL HAUAW HL silicon diode 9]

wol=E Fofok k= Aot wmol=E E017] S8 diode FHOl W HES

Abgslo] 298l a1, pre—amplifier 9 diode Alo]9 74 S Hosk =%}

Silicon diode w7 AYoZ= Am—241 ¥ Ba—133 = A&t & HAE
faraday cup = ©]€3}o] Ion source beam ©o st AF =4S At}

mpAuto 7 A A= 714712 AFEee] Ton beam & 714 Al olo] g
M AFE ddsta 3 HA A APS EUE lon beam energy S48

skt

1. CNPA =X ZA=

AXUYV silicon diode & UV & XUV =40 F2 AIEHA W Y2 A&V 2%
AHE Zhsatrh ES 70° C~ —200° C 7HA 2EoAME AF7bssin, dnl
7)1t E2ol1 1071 Torr Bu}p @& o8 A% AFEETH  Photo

generated carrier &< p-n A% A7|Fe] o I Hu HAx-HdIA

-

Aol wEske ARE AFIEE Fd AT Detector R
APl = o gk (B—7nm) &Fvlw HE7F F-2Eo] Qle=d o= A9 &

© UV 8 7R3 S Adshs 2S s Ho] wol=E =0l adE AT
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t}. Table.3 & wAALOoZE AFEH Am—241 3 Ba—133 & AoYA gamma

—ray 9 HQl peak & HoJFr}

Table 3 Gamma—ray energy peak

Branch Branch
Source E [keV] source E[keV]

ratio [%] ratio[%]

13.9 13.2 31
Cs—133
17.8 19.25 79
Am—241

20.8 4.85 Ba—133 302.9 18.3
26.35 2.4 356.0 61.9
59.54 35.9

lower limit channel & 21 %=

=
9]

i, dead—time <= 5% U|WoZE FX

= 3lth. Detector & 7= "9~ gFoF(30um) el =] 7hepAel tjste] a0
w5 Stek SRARE Aeq x| Zhvbaded s = &y ol

Fig 20 & silicon diode °f A&%¥ Am—241 ¢ gamma-ray peak & X%
=t AeUA] JAo = wol=e o3& thE peak 9 7 F F Ut )
A9k branching ratio 7} AlY =& H]&S 7FA+= 59.54 keV peak + FH

A veht A 3e 5 sl
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Sqrt Imported from Ortec

M| 59.54 keV peak

0o "28.0 1256.0 1384.0 '512.0 keV'640.0 1768.0 1896.0 1023.

Fig 20 Am—241 gamma—ray spectrum

Sqrt Imported from Ortec

=
=
z

@
=]
z

@
S|
=

~
=)
=

@
=
<

g 8
E4 z £
ol

~n
S|
<

31 and 79 keV peak

"

0o 128.0 1256.0 1384.0 '512.0 keV'640.0 1768.0 '896.0 1023.

Fig 21 Ba—133 gamma-—ray spectrum
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Fig 21 & Ba—133 9 gamma-ray 2 EHS RHJFT} Ao A & & of A
Cs @3= 3 1keV peak & Ba—133 ¢ gamma-ray 79 keV peak & ¥ gt
ok AR 302 keV 9} 356 keV peak & T & 5 gz, AAZ

o wol=7} wol WAL,

80 .
7
—»— Gamma-Ray il
L | == Linear Fit of Count /
60
2 A
& 50 //

30 |
256 258 260 262 264 266 268 270 272 274
Channel Number

Fig 22 Calibration of Am—241 and Ba—133

Table 4 Result of energy calibration

Equation y=a+b'x
Value
Intercept —-741.04145
Count
Slope 3.00518
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Table 5 Fitting value

Energy range [keV] 31.2 (31) 58.48 (59.54) 79.37 (79)

Fig 22 & Am—241 9] gamma—ray 59.54 keV peak ¢} Ba—133 ¢ Cs ¢

G E 3] keV, gamma-ray 79 keV peak & w% A= gz eI

]
o
i,

W wA AL YA peak 9} linear fit of count 7} 729 x| 3&}%
st=4d & 4 Yk Table 4 oA & 5 Qlxo] wgdyte] wet 9l 2
A& dE 5 ATk Table 5 olA& 9 Aol w& Fitting ¥ #< HolFth

9ol A7}= nuleg o ® accelerated Ion beam & =74 & 4 ¢S Zlo|th,
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2.Ion beam AF 3 A

Ion source 9 7}~¢] %, plasma bias potential, acceleration potential,
extraction gap distance & W3lo] W& AFE 43} Ion beam AFE

=Ast7] Yol R Ao 2HE], 60mm AZe] 27 30mm ¢ Faraday

cup & A A3} Fig 23 & AA| Ion beam Q1% E5& HolFT

Fig 23 Ion beam

WA 7tA2E Ar 2 ARSI 1 Ton source o Y8k Ar 9 %S 1,2,

3,45 sccm ©& W3} A7) A plasma bias potential o 23t ion beam A&

£ 5463t} Fig 24 oA B0l 2 scem,dw A77F 3.4 A 2 7P =&
FAE YEhWlon, e Wl 7kl f3Fo] wWold S jon beam F7F
40
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e Tk
T} 0 %, acceleration potential ©] W& ion beam HAFE ZSHSA
FHS 2,3,4,5 sccm, beam potential 550V = 114 3}1  acceleration

=439t 22 3scem, beam potential 550V & 114 3}1l extraction =
AgE W3 AFHY. Fig 26 oA ®%o], Imm v 7M4 e ARFE

el @it} Extraction gap distance 7} HWo] A+E A{7E Ao vbd,

o
rlr

extraction gap distance 7} 1mm ©]3t2 UHF 7I7t9AH 8= Ao 4

aRASEe R Qe o=t A skl

35 | —=— 1sccm
—e— 2scem /
30| —— 3sccm //
—~ —v— 4sccm ,
< Ty
= 25— <« 5sccm /
5 / /
§ 20 / r//‘
|
[ /
5 15 = /l/
@ w//<|/
S +«
1.0
. .
0.5
— e S R R
400 450 500 550 600 650

Plasma Bias Potential (V)

Fig 24 Ion beam current on the plasma bias potential
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lon Beam Current (uA)

lon Beam Current (UA)

3.5 — —®— 2sccm
—®— 3sccm
3.0 +4sccm
—¥— Bsccm
25 ‘ ////,//I\\\\\\\
L => <\¢'\x.\
2.0 |
I 3
15 —Y
v |
1.0
0.5
100 150 200 250 300 350 400

Acceleration Potential (V)

Fig 25 Ion beam current on the acceleration potential

35| —=— 0.5 cmm
—e—1cm
30 4 2cm
2.5 r//////‘
/l
2.0 —
1.5
10 //x
;,//’Jk//*/l
0.5
0.0 ; ; ; ; ;
400 450 500 550 600 650

Plasma Bias Potential (V)

Fig 26 Ion beam current on the extraction gap distance
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3.Ion beam 714 4 3 A

Ion beam & 100 keV 7}A| 7}&5A1A HAEsFa 438}

rir

e HEE S
527k Ion beam ©° &3A<Q energy FYol Aufste] discharge 7}
Apgko 7 dojupa Yol s AEddo] dojub= Aol WSkt =,
Ion beam °f 30kV o] Aol FoJ%5S @ ion source chamber -l
EA|sk= gas ©f discharge 7} dojuy gas U IS weba] GwEEo R discha—

rge 7b Lok 919 AAE mea] A3 gas U B 10m o1F 3

1

Alpow, ¥aa FaE 9 22 WO tm oY & fASNH. V=

o AMEFY WX E SRTE ARESIIAE, S92 EAHEY Eo=
=57} &2 Ultra pure water & ©]-83}3it}.

e ZAIFCE jon beam IEA] 7FE57] A=olA FHE ofart HAE=
e B2 T 5 QS
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High—temperature plasma & $d|A+= plasma & T3l ion oyt
neutral particle energy =74d°| wW-$ $Q3}t}. Tokamak T F-oNA Aslwst

of o9& AAE oA FAUYAEL Tokamak HAZ|FS F5 Qlo] uwhA

it

oA Ao ojd whAue FAYAES plasma W] JRE IR A6k
A BT ~160 keV). wEbA 919 FAYAESE SHTFCEZH plasma 9

energy 5 & 4 SlAl

& drelM e o EE3 FAUA AUA S48k plasma & wsh=
CNPA A A®E AAStL aeyA] T4 94 tial Ton beam & AR&-3te] w7
e Zle HFTERE Sl A dAelA o W Al¥Hes FHoloH,

el EART AZFAT WA HAw, eI g ARG A& 5 T

(
e}

A Ton source & =4S 93 silicon diode A AE A&} wgasHS

ol

otk 7F8 EA7F 5= silicon diode & xo]%E Fo)7] Y3 HbHow
£

diode SIAPFel 2FvlE TEIE $ASL diode FHol W BYL A

o
B
2
%
Ll
32
o
ol
N
)

2} 6k © ™| pre—amplifier ¢+ diode AFo]9] 7+A
8 ZF2 R A olyA] oA mol=E= FolA XSt AyA o,
silicon diode ©] #A&¥ Am—241 ¢ gamma-ray 59.54 keV peak ¢ Ba-—

133 9] @a=x 31keV, gamma-ray 79 keV peak AFNEHS A5 4 Q).

-

o]Z wlgrozw FAQ detector wAHL & 4 QAvt. F WA, Faraday
cup = ©|&3te] Ion source beam °f tigt A7 SHE siuth SH4AH 2
scem, oA AF7F 3.4 pA 2 P =S FAE UECH, BE HFofA
7k~ 9] fEFo] wold S jon beam AF{7F Aadts AS & sk f3Fo]

44

Collection @ jeju



=7t s gdo] FUketWA AAYABRLE FUFste] ion beam A F7F
dolx]= Ao g FAGFE T} T extraction gap distance 7} 1lmm ©]3FE Y HF-

Y= o R Qg ol WAk, hAo] HolAH

N
N
N
0
|
=)
P
4
2
)

71 A A

-1

=

discharge 7} &a&ow dojupA] ool AF7E AA skt
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