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SUMMARY

I. Project Title

— Discharge cleaning on KSTAR vacuum wall using ICRF

II. Objectives of the project

— Optimization of ICWC for reliable KSTAR tokamak start—up

III. Contents and Scope

— Search of optimal condition of ICWC
— Modification and upgrade of ICRF system

IV. Research Results

— Analysis of ICWC effect of operational parameters using Residual Gas
Analyzer(RGA)
— Fabrication and installation of antenna cooling system

— Modification of ICRF system

— ICRF antenna conditioning

V. Plans for application
— Application to ICRF assisted discharge cleaning and heating experiment

during 2010 KSTAR experiment campaign
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> Oscilloscpoe
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74. ICRF %A A174 ICWC)

B ool EFAQ HerHy 712 QrolAl ICWCE ol §ahe] Hulo] 2]
de F

TaE AAsE Bd AY AddE FdsY ol T
A

ICWCol A}8-%¥ KSTR ICRF Al~=®2 30~60 MHzolA Zsste= Aoz 20093
KSTAR 23 campaign®li= 3Tl A Hy minority heating®] 7}Fs3t 44.2MHz= A
ek, oF 0kW UlslelA ICWCE & F 9Es Fd dgom B9 duty
ratio pulsed IS T3] 243A.2F 14 ~34) Hedt M9 F3dF2 MFCE

3 =4t

el A AFeF] B AT Fa BAL ICWCE ol gao] DB adHoz
AAG & 9 ICWC ¢4 242 Fhste st w}am ICWCe] 31 W%

o we &3E detstr] & A3 Hel D, GDCE ~E
implantst= A4S T AAGA AFHAF de IS AAE 24 W
of gt aE AHsty] ool vl Hed o83 WAAAG} D, GDCE o] &
implant #78& F33tofof grh. 18X v AF G Wiyl I #AAHES IS 5
glomz FRE AIZELe D, GDCE Fd35te] &4 W g ICWC a4&
ARste Bt ¥MWeY T4 duvt AA EEAA Zevhe Mo AEs A
et ICWCS E&2 RF pulse A8 JARA] TS 4
Aol o8 AAE HDe %S RGAZ =H3to] H7skict
ARAE BT TN AER FAsAen ZF At 4 Wl wel 2~474 9
shotS HlA 3T 13 239 A= Heol #3ol zhzb 4003 800 scem
o A FES 40~160 scem= WHISIA|AZFHA Hed} Hpel E3HEC o
ICWCe a3ts #=apitt 3w 49 AFolAe= 24d¥ He/H: # 2ol
ratioo] W& ICWC E#HE #Zscth 58 APolA= 14¥ He/Hy £3EC
ICWCel WA= &35 #53dn 6W5E THZAA S 292 =53 He WAl
Aol A Heol 5ol Z+zF 4003 800 sccm¥ Wl duty ratio®] &7ko] w& ICWC
F3E A=A % 55 2oy Ad 2oy #F 62 F3¥ 2F pulse shotol

ek ot

2
it

7
oy
i
)
g
2
ofN
¥

nob Fha A

rl

_26_



Exp.
Np Mixing Rate Duty Ratio |Time|Power Shot num.
0.
1 He(400)/H2(40,80,120,160) 1/9 120 28 2118, 2120, 2121, 2122
2 He(800)/H2(40,30) 1/9 120 32 2140, 2139
3 He(800)/H2(40) 1/9, 2/8, 3/7, 5/5| 120 32 |2140, 2142, 2143, 2144
4 He(800)/H2(80) 1/9, 2/8, 3/7, CW| 120 32 |2139, 2146, 2147, 2148
5 | He/H(400/40,600/60,300/80,1000/100) 1/9 120 32 |2128, 2145, 2139, 2141
6 He(400)/H2(0) 1/9, 2/8, 3/7, CW| 120 32 (2123, 2126, 2127, 2129
7 He(800)/H2(0) 1/9, 2/8, 3/7, CW| 120 32 (2124, 2149, 2150, 2151
# 6. ICWC 28 AE
Shot Mixing Rate RF power Duty(on/off)  Time
Numb BI[T] Gas
umber [scem] (kW] [sec] [sec]
2118 3 He/H; 400/40 28 1/9 120
2120 o] He/H: 400/80 28 1/9 120
2121 3 He/H> 400/120 27 1/9 120
2122 3 He/H, 400/160 28 1/9 120
21258853 He/H; 400/0 27 05/95 120
2126 3 He/H; 400/0 27 2/8 120

it He/H; 400/0

E S0

He/Ha 1000/100
He/Ha 800/40
He/Ha 800/40
He/H> 800/40

He/Ha 600/60

X 7. Pulse shotol] o3l 23 AHx
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2. 4
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2% 16%-F 197hA= ICRF #+9], ot¥, Feb=nt U a8 H, A58 54
A2 = shot 2118 ©tigk Zo|tk Zzte] dlolE= F5 A&7 Al gle] 100~
50071 ] ©wlolHE Hwtate]l 19 o ® yehdiith 21189 shotell A ICRF 9]+ 10
%22 F7]12 1%E ON, 9%Z OFF age =

O BoFEth FEzEe 2RE A A - 7S BdFE O F shotol
A ON time &< Zet=vl A7l a2 F7keks A ¢ F7F AUtk Ho linex®

Fetzvirh TG wet gFadA BEE s Heol A7IE & BojF i vk

30

ICRF power[kvW)]
i
1

0 1 1 L L
-20 n] 20 40 [=i] =] 100 120
Tirme[sec]

19 16. ICRF 39

2B

24F .

22F E

Total pressure[rmbar]

20 u] 20 40 B0 50 100 120 140 160

w10

248 E

Tatal Pressure[rmbar]

2 1 1 1 1 1 1 1 1
=20 u] 20 40 &0 =] 100 120 140 160
Tirme[sec]

a9 17. k=8 (A full range Aol A, &} 1 o] Ao]x])
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Fartial pressure[mbar]

| | | | | | | | |
0 200 400 GO0 8O0 1000 1200 1400 1800 1800 2000
Time[sec]

a9 21 ZheA R b EF (A = 26, 28, 32, 40, 44)

ICWC & atell that |7b= SellM dHd AX Y HD| 4& RGAZ =48t 3
Zbstdeh 2™ 20014 BE ukek Zo] HDO %S Hed Hy 7h= F9UA
Cryo-Pump®] AlolE WHE d= AA= o] F7tetin. mebA], ICWCe ¢4
HH o 2 HE FE o] AdE HDC S7H42 RF pulse $17FA HD®] F&9Fell A
He®} Hy9| Pre-fillingAl HD® b wio] A4k ﬂr. gt 9o ol Ui
HDe| S7hg2 22 d=ES dAtettets Hotl Hedl ol whel Zef=vie] 2
=7 g@ebAa o] mE g 2] Wi Eok=vk Bl diste] 1 g T
A z}sto] LR A

e EsEE9 vstEd ds 3r7he 2 A3 shotoll tiste] #Ho| FUgt
Fol mewol FHHE A= THAEE sI7F o] el ICWC 4 Wl
0E EceEd AA 282 Hrhshrldls olele Aol Atk vE2 # 59 A9
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7}. He(400)/H2(40, 80, 120, 160) mixing rate’} ICWCel mx]= <43k (2118, 2120,
2121, 2122)

19 22% He 400 scemell tiste] 49 75 2H2E 40, 80, 120, 160 sccm S.&

g W rAstE HDO WS vErd o Ho el AdsE ICWCol

ol HD F7Fe] 7AAA= A& & 71 el ols Stz 4 o9 Hl &

Fob RE&-ste] HDE BT 7Hsdo]l AX7] o

9 Aeow AyZAHE 3 Mol F#o] 160 scem Yl 23]d HD F-E%o]
2= 7

= s & F ded ol ICWCE Aol wep o] F3hE
o

@®
o
]

T

—=—HD

X
(63}
1
T

N
o
]

T

o
o
]

T

l/.

o

(63}
.
T

Normalized partial pressure [a.u.]
(e}
a1
1
T

410 ' 810 ' léO ' 1(IBO
H, [sccm] flow for He(400 [sccm])

19 22, He(400)/Hy %ol A Hpol el w& HD F-&¢F
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1}, He(800)/H(40,80) mixing rate7} ICWCell 1|2 4 3F (2140, 2139)

a9 232 He 800 scemol thste] 49 %S 27 40, 80 scem

et ICWC &80 S7Fsts Aoz vEytt.

o
o

—=—HD -

Normalized partial pressure[a.u.]
NN W W s s
o (63 o (63} o (&3]
1 " 1 " (| n 1 " 1 " 1 "
T T T T T

=
o
1 "
T

T b T T T T T L T

40 50 60 70 80
H, [sccm] flow for He(400 [sccm])

19 23, He(800)/H2 HAol A H29 kol wE HD FE<
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t}. He/H2(800/40) mixing discharge®l 4] duty ratio(0.1, 0.2, 0.3, 0.5)7} ICWCe| 7]
2= 93 (2140, 2142, 2143, 2144)

% 24+ Duty ratioZ} ZFHzZF 0.1, 0.2, 0.3, 05 ¢ F %o ICWC &5 HDY H¥¥#
tog X Aot} oA E F A= AXH duty ratio’t £71E4E ICWC &
&% F713t}. o] duty ratio’} E7Fshel uwhel ZEt=Eulel e whSA7to] A
AR L o] we} WA AAHE FFA Fo] TUFE] WEd Few Az

At} Duty ratio’} 02¢€uw] 2 Zto] "ojx=d o= Ag o 2141¥ shotol

He/H2(1000/100) A& Sl #we] D, &ol s =307 W&l Aoz +4

X

o

Hrf
1 1 1 1 1
— 2.44 -
= —s—HD
@© I
— u
Q 224 L
>
0
(9]}
)
o 2.0 -
s
S 1.8 :
©
(] 1 L
N =
S 1 (| -
o
z 1.4 T T T T T v T v T
0.1 0.2 0.3 0.4 0.5
Duty ratio

19 24. He/Hz(800/40) W7ol Al duty ratioo] W& HD H&¢
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Z}. He/H2(800/80) mixing discharge°l 4] duty ratio’} ICWCo| mX+= <43 (2139,
2146, 2147, 2148)

a9 255 He/Ho9 o] 800/80 scem ¥ u duty ratio’} Z2+2b 0.1, 0.2, 0.3, 0.5
)l Aol ICWC &&5 HDe| F-29ke] ¥tz 2 Zojvh adodM = 5 U=
AAE A4 2146, 2147, 2148 W shote] Aol duty ratio’} S/

713t} o] tislol A A3 A duty ratio’} F7}gel] u}
vhel W o] kG A[ZFo] oA AL ofe] whE} WA AAHE FFAY
o] Z7tsl7] wiEel Aoz AZtHEAT} duty ratio’} 0191 21399 shote] A=
duty ratio’} #Sol % &3l duty ratio’} © 2 2146~2148W shotH.t} 1 Fko
o F& & 5 e ul, o] A 21399 21467 shot Akl 6™ €] shotS 53X

ol Dy o]l ARs =7 WEd Aew F4dEH.

dorr

kD

9
=
N O o
fols
o
=8
o|N

rr

_—

5 0 " 1 " 1 " 1 n 1 " 1

w » A
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N
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— .
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o
o
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19 25, He/Ho(800/80) WAool A duty ratioo] w& HD &
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vl He/H2(400/40,600/60,800/80,1000/100) mixing dischargeol s %2 ZE3H|7}
ICWCel v X+ 98 (2128, 2145, 2139, 2141)

[

A=)
o oﬂ,{ e o

26¢ Hest H2o| #%F £¢8o] 101°] H%% AgahA #4584 ICWC &
JEd Aold Hedt H2el E¢Eol 21 Zepxvt UEd| dste HDY 3
o] A5t Holgly] WFol [CWCS F&e 2& Aom dZwox = 44
Je F oW BEE AoE nA AFE urh $4E A Yo
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ri
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ko
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ui
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Normalized partial pressure [a.u.]
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T T
40 50 60 70 80 90 100
H, [scem] flow with constant ratio to He

9 26, He/H(800/80) oA & &3Eo W2 HD HF&¢
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vl Pure He(400) dischargeol A duty ratio’} ICWCol v x& 33k (2123, 2126,
2127, 2129)

2% 27614 2 4 9l whsh 2ol duty ratiort AAEE ICWC &80l Zrbehs
7/1 5 v;;

1/10 o3tz vhERSE

026] ' ' ' ' R
0244 T"HD =L
0.22 I
0.20 I

0.18 4 L

0.16- I
0.14 / I
0.12 I
0.10 / I
o8 dt— -

0.0 0.2 0.4 0.6 0.8 1.0

Duty ratio

Normalized partial pressure [a.u.]

% 27, 5 He(400) WA oA duty ratioo] W& HD H&%
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A, Pure He(800) dischargeollA] duty ratio’} ICWCel] mwx]3&= 43k 2124,
2149,2150, 2151)

v} &) 799} o] duty ratio’t AZFTEH ICWC &&0°] S7lste A4S & 7t
olth. Duty ratio’} 0.221 2149% shoto] 7% 7H&a~#

21489 shotoll A He/HxE 800/809] &3 vl &= 6027+ A&
A o= Hy7t implant FojA] o]eldt A& Uetdl Ao=

0.22 1 L

—m—HD ]
0.20 -
0.18 1 -
0.16 1 -
0.14 1 -

0.12 1 -

0.101 4

Normalized partial pressure [a.u.]

T T T

. ——
0.0 0.2 0.4 0.6 0.8 1.0
Duty ratio

% 28, 84 He(800) Wzlo| A duty ratiodl w2 HD F-#<
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3. ICRF& ©]£& 3} Boronization
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RF glow Zet=nts WRrt B0 Zebzube] Hste] Aojd oz str] wjize]
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