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TELISTRAEAETIN U T LA FBEFEE 75 X7 (45 4 &)

B4 4-23(a) ~U ¥ A ICP [ 4-23(c) N Y 7 A ICP 4 4-23 (F) ~ U 7 4 ICP

Carrier gas flow rate : 0 /min Carrier gas flow rate : 0.6 /min Carrier gas flow rate : 1.5 /min

KIEEBFE & ESRDARIEBE f 55

B 528 (d) 7 M I JE ST o WAL B 528 (e) 7N o gl i o W 481E
Pressure : 400 Torr, Arflow rate : 1.67 #min Pressure 1 760 Torr, Ar flow rate : 1.67 /min

B 5-32(d) ~Y 7 AERIRT O W AR B 5-32(e) ~Y v AlgBElISE O THRAL
Presgure : 400 Torr, He flow rate : 1.67 /min Pressure : 760 Torr, He flow rate : £.67 /min



AEHE R — IR I3 7T 7 X7 (55 5%=)

H5-8(a) ARBEE T NT L HAKE TS5 X U580 GREFE 7NV HARHT T A<
Pressure : 5 Torr, Arflow rate : 1 /min Pressure : 100 Torr, Ar flowrate : 20 /min

H5-8(c) RIEMEE TN TV AAMET 7 X~ K58(d) AEEBETN T HAKE S5 X<
Pressure : 400 Torr, Arflow rate : 20 /min Pressure : 760 Torr, Ar flow rate : 20 /min

b
i
|
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531 AAMBENT T AAAMHE S5 X< 52 77/ INKBET NI v HAEFE ST X~
Pressure : 1 Torr, He flowrate : 1 #min Pressure : 760 Torr, Ar flow rate : 40 /min
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EFHDIID U LG T IXTORETHBLEELRT VS, TIAT LNV E
%1 Langmuir 2YAREMCAEDETHOMEEZEL THf L 72 19284 F THNn %
P, TIXROBSEFEFCEHENONOTH S, LT 4HE, F) v oy
VARF LA, BECHEETORE R, £, K. BR. KO4TETHRS
HEV)FEBRI, TNVBRAETIPEDIHMTH L EMA, BE. K 2L T
FADHETFEND 75 AL TWwas EEz NIF, 22 THL I ENTE
o LU, TIRXTDHFHELAREENE L) oD EEHHIREL 19
WRUETH Y, I XIPLEFENE LUCHEND L) W h o201 L) %L
FHEHRIC A TRLD L TH D, LLT T AvHEMNRE O, BELS. MHD
KB EDLZNVFIGHEPLE L CEBCREL, BETR TS X< CVD ®
LTy FrTEDPELETNL A0 A, HHEF V-V, 795X F4 RSV
A, To3X=0yy VLI BEAA v F. WMEXEITATHOBEE. X .
B AR EORE, 79 AV 2y ML B HERBEL Vo L5 5
COEEL GEHL T2,

TIAT T, KRB Lo TEREND, FREKEICL S 795 AT DER
FEBFORBEEICL VOET 5 &, BERKAE. SREKE. <1/ nElEL 25,
ERMETELTEBILETH LY, SHERE. <4 7 nERETIABERK
BOAL O FHEBBESTRE CTh D, FEEBNE CREEEOBESHHICL
EEBICEHBYED 77 A ~DRAFLEOMBEIE L v OTARMY oLk w7
TAXDERIEL Twbd, LAL, EEERETE TS X <WETITIZBIHE 28
LB, BREUGODLTI LIS L > TERBOELI LD, 75 X<
EWRESEDLDIWEEWE2FE O LIt b, 8510, 79X RERT ARER K
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BRROBRHEI TR, TIAVERTAOFMRE LTOHRFEVEERT LR
KB D% 0. FERD/NT A —FIMAT, Reynolds B, FhbbHTTATHA
| DREERRI L A AV OBIR R A A OWE L L FRICANBLINELTL B
KAEEEETS A<, 0L ERELOMBERZET 2FH, MEE, O
MEOTT ARIERTED E VI ERERo T D, Thbb, TRIF O
CREEALE, UTORFERLI LHTE S,

(W EHTHEOB VT I AIPERTE D, TIXT CVD RI v F V7 TR

| BHAENREL 25,

(@) T DIRA LI £ 2 vUE, BRIEL D bRMBED 7T A HERTE 5720,
PESR X ) R ORADEIE L 7 o TWiz, KR LV —FRIREEMER E~OILH
PHIFCTE S, .

@) FHAN TS Xk AVRIE, ZOBVERT 2V F — TGS 25 U
T5ILWTE DD, PCBHOEEREEY OSFLBE~DOICHDT TR LZ %0

@ MR PR 2 AL AVTICEFOTE 77 AYHREATE Lo

B EERE ARV, RERRS BT E D,

R CRAATERE TS A<l "KOE" IR LTI HbN B L) %o

TETWBA, BIEDOLZASWAT I A<BEUNOHRRESHT VT Tz,
LaL. FROLD 2EFREHO-D, BAEFRCHESR TWAERETI X
DFEo. HOPDOEREITHT 2WHRE 2RO 7I A TH B 720, RN
DFF ORI CTHEIC L L L FRTHIENTE 5,

AR REE N CRELREBR I AV EERTHI L 2B —OHBELTY
Bo ZDI. TIATHADRREER L MBERIMET B LITL-T T
iivwﬁﬁﬂ%ﬁ&toit\l@%@%&f?ivwﬁﬁﬂﬁttf\fﬁi
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L b7 2 70
AFRTHE, KM LB TSI AVDORENEER LIZBHEE LKL, BEESB

L UBRERRORL 5 3BRAORKRET I AXFE0BYE2Tote Thbb, 2450
C MHz AU ERVEY TVETREER YA JuEFE T 7 X<, 4068

MEHz OEEREE AV RIS mBIEEANY v AFEE ST X<, B MHz OFEH

AV EREEE S CRBRES L — 7 AR RMR T T XY Th b,

AEL T, TNLOKRFRLE T I AT EOELE, FRhEFNDTS AT FETHERE &

N7 T AYOEASEEHEL AT L 008K EE. BLUFOTEBHEICD
TR ETT ).

L2, SR DR

ARIHREZEDTCTERERE LTV, REOWNAELZUTICRT,

H2ETHARRE 77 X~ OERFENEOSHBEELE LR E, KAIET 7 A<k
HiR, BEETHLD, 57327 70T EOFE ST Bni-illE
HHREETH b, T, BRENDE 5 XAV DEFEI/NE L, BERPEEOEMN 2

HEFKE WD, ZRSBEOSVFENEENLEL I NE, Z0D, A

RTHERI N7 AvofelleicdotilileE s Hvni, RETR 79 X< H
DEYE - BALER 2 BB, TIXYPLDENREFALZKRRETS 7 A D5
FREHE I DV TEERT S,

WIETR I I NVKETHEERSA 7 0EFES I ATORABICOW TR,
WEILEINA T 7 AP e LTHIREE D<A 7 0 EHET I A< (MIP) T
EREINETNIT Y 79 AT ERI/NIV0, AEREOEAW T2REN
PR, PCOBRERBOEAR TS AHIHERT A2 E0HEHETHETH > 72,
COMBEEBRT S 20, AETRT I AERETHEO M EREZ FO5 7V
R7HEERREL 2o < OREE RS TICEE L2 NEREWE OME % &
BALTHC LY, (1) 79 AT ADHNITHEE D PREICPGET 5720, 7
FAERBEOH LM ECREICRESEDL I ENFTE, QR NKES MIP
TRHNETH o EREHOEREBEAN 20WEED A 7 0 EAT THHE
Thb, EVIRFRE/LILNTEL, AETHIT P, BL4OMIPBLUST TNV
K7HEER MIP KOWTHEHL, ¥ 7 VR 7HESR MIP 2%5HT5-00FH
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75 X OFHRIEEITV. AMIP OLEBEEB IOV TEREZIT ) T, &
CFRIREE LT EIT) 200 s 0 AT U—RATIAFBLUT Ty Va7
L4 R F N IR O RS I DV TEIB T B

f HABTRANY Y AFEES T IATORBICOVWIRRNE, FEHEAT IR
(ICP) BRASHAHE L LCHYTh ., REAFHAF VIEELTOALLA
B h, RERDLCERL TV 2HETRINTH 77 A< TH L, REITO
A ICP TR TIIAIHARTVNIVIFHINT WS D, B A7 v
Ty oBEERE (11.72eV) THIBR S, EEBOBRIIKNETH 5, T niZafl.,
LAY Y ATIREREREORRELT A)VF— (1981eV) FEH W 20, HEMITEE T
DEREFHCEE L, FHT LI N TEL, Tz, BESHOTEH CRT LT
CVIERT BLEA Y OERFHEL ko TRB A AN 7 AR UEGE A
AVDBEEENSLTLIEDTE, SH~OEB LR TEILNTEL, &
DI RERICE D BN, BESVOIE S 5 REREABIC bRtk A
VAT ATPEOBRIHECETN TS, LA L., BED ICP EETIX. O
DEREEALICATR EZEZONTVD F—FYEROANY Y ATT AT EERT 5
CLERETH o, AHETRTIIA T AORERMICEHL, < DRI
CEHEERELLAEANYTAICPHMFR2EMELz, £ OE, BHGUEHEAR I
SEEL F—F IV RROANY T ATS Ao ERTHIENTESL, ERACHAE
oY A ICP 28UMET 5 2 ENSTE Iz, AETIEH, KAGEFE % A Wzl i
ORI RIEICE TV AEAY Y A ICP AN —F OB OV TRRD, LT, 74
TAVIMERTIXAIBLIUPF -+ VKRS I A DREEBREHZRT. 72,
WRDOTFT VTV ICP CHREETH - EBTERORIEGHT TV N 7 4
ICP DESIEERTo R ENTT I XD ZRISEHEEHEORERERL, N
v A ICP OUEBEBEHEICOWTEET 2,

O BEETHKREEF—F ART AME T 7 X DEFHEICOVWTRERL, 7T
A2 OEFCEEDO RS A (Ar. He %) ORT #5848 & CREIMICEEIT 5 &
77X pUN A QBRI CEERGEEST 2520, B L VEERD
HWTS AT OBEBRBICHNL I ETE, SOOI AT OREFPNHT HHY
YTFHRENRID, TIXATDOREEREHICLA L EHNTEDL, EHIT,



HAGHIC Lo THEEZGHTEL7:0, HEEDBERMIC L L 75 XA ~DOAH
HORBAERYTH I ENTE B, AETIR, KETEREOKRE N -5 2R
75 XA EBERT L7720, 79 XATHARBEERE» SERFIMEAL, 79 X
< H A OISR CEIRD 79 A7 ENEE BN BT 258 2%
+5, THbL, BEERKECBVT, REVFHREMEEOGHF R EED,

U R ORAREY B0, RESVE SROIRAE S D 2 LICEE L, ERK

TR, RaA S VAMICIE#ELZENREEF L, FILWEHFEOF—-F X

CROBEERZREL, TORER, T2V, AEBIVERED 3EEHOKE

AW REEE TN WERERD LA 2w TV T UHETREORE

CETIARENOTHERT AL LN TE 2o AETIR F—9 AR A #GETS 2

< DEE, K]ET T XA~ DEFRFFE, EHREFICOWTRERZITI .
HEETIEHRIE b~ 7 ARF AMIET 7 X< DFEFRBEEDOEI DT~
Lo HERENTI AT O EHALPCT LD, ORFEFAVCHEE2TT-

e R CEMEL A ERES I, RES O ORI, BRRE. &

TEEOUELIT-> /2o 251, 2HBOHEER TT T v 0 2Rl HllE
Tofee ETHLIE, NFERERE 7T AL TEET 2HETH S, 2DF

BRI OWECREEET 5420, FUEATORERLNELZ-> TLE ),

COMBEEBRERTLED, F20HBEELT1IBEDOSNEE CCD 7 24 F 2w,

BERSH, ZHIMUEZRBTI CEDTES, MOKRRETI X5k

MEY AT 2EE L. SHHEEZITo 720 ESRHEE CHREE R QMO #
BRIV T2 ) VAREEL T, HEE PO LY I A0 BHMES L Ui

 EORHEMABLIVARECBYIBTFHRELAE Lz, KETE, b 0flE

HHEB L CRESERC OV TEREZTV, EREN2TI ATV TEET 5,
BHBI, FTETARLTHELONZRERELOVTRELIT) o
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5,

REET T X< D53 I6H L

2.1 &

75 AT DRES 2 VEZOYENMERE2MATDIRE, BERZREDT S
L DNTG A —F O EIETEbL 75 X <M (plasma diagnostics) D HEX T
(DN, BAZ TR A L HFEFRABESINLTWDE, &2 505, HESRH
BEEBEORIV, BRI LIIEEEDO 75 ATOLAERBHEEEIBR O O
b, DD, BRBENRPEBE S U—T Lo tBAEO SO TR EE TSI
B ELRERREL 25, Lizdio T, 79 X< 3B THE T 50060
FEEAVWLI IR D,

75 AT OGHREER., HEET I A B CRHB LA 4+~ DRFEV R
A4 VBREORELR EIIBOTRELZREALRL TE 1P, HETEE OMOREA
75 AT OMRICLFALE) CHEAIRZ LI LR oTE TV, TR, 77
A2ZBFBEF. AFvHDVEGTFORET R bLE T I AHHOBROKE
RFEALDDTH b, TIXYDLEBALBHICLY, FEFCEVIEESHEIC
blzo THPRBEE N, B AoROFMFESINTE OB BLUTH
FEBRDANRY PNVTHDL, THIEDERL 195~ 800nmm BETHHH 6, BT,
DFbUPIEEHA A VI REEIND, ST, BETCRBERT 7 A<D
FVEANC B b o T, HEENRPXHBL Vo, LHEREOEWHEE DS
HOWFFATHES L Tnd,

75 A< OSRPEEICE, TIATEEILBE S NS EBHRERLEEET 5
THHREE L. T XAV =W, BEE, PHERTR EEEAL, £ORIX
RHELE E R IET SRV EEDND b, KEOBRET I A< CEwTIhol
ELIRAHS R TS, L L, @8, KRETERS NS 7T X< DEFH/N
S, EHKRERLHENEMPIRE WGE LR OO, EROBHEFLE L
%h, TDD, RHIHWEHSMBETHRIILEDTESL, 77 X3 BRDOFS



LFEATEFENLCAVLOR TS, AETIRT I A<h ORE - BE8% % ik
N, T IAIBLOFREFIBLLKRET I X< OGHREEC O TR
T %0

29. 75 XvHhNDER - Bhit Bz

79 AP TRETEHR., 1 4 HE, RFHFELREEOETFAREFAA VO
BHARECHERELRET 2 OIES LTwd, KAEHESR TS X< hohi
EFORiEiE, 1312100 % EFERICL2DDTH D,

901 BTHTT XD
5 OB T K ETEA R LT A, BE PR ORI T oR T
W%»‘bﬁ’l EWTE L,

O BFHREBTWE 2l 0N O EABE nd) iXRA O Maxwell-
‘Boltzmann 545 CFEb &b,

n.{i)  g.(i) ( Ez(i))

n(1) " g1 P RT (2.1)

g.() : HE0L | OFFET I ESR
E,(): 2z oA 4 ¥ OHERL | DIEIREED & D 3 5 )V ¥ —
k:X®Vy=<rEK T: impE

CF e, 204 F CEEIEY N (Saha) DR

.n. o B, [2nmkT\*" Vaa(l
e B (T Vo) @2

721 Bz.1 hz kT

V, D:z-1ffioA &+ O\EEET 2V F—
m:EFOEE h: 79 2EH

 TEbENDB, 7L, B RSEREKT



B.(T)= Zgz( exp( (l)) (2.3)

e LT, zLDA F Y QRS O BRI 2 oA 4 VEE L
CRRTEDTIENTEL, (P BNV Y OR)

nen:(1) _ =9 g:(1) (2 mmk T)m exp(- Kz—l@) (2.4)

naal) " g=() A kT
: BETHE I,G): AL OFEHEL A F—

75 AT PBRTHKEBICH 5546, BHCHEI IO L) KHELZXTEDLT
ENTED, REETI AT THBRY Y FHEREHABEOERNR 2 EDID, &
S RE A K S AR AR LA BV, 0L TTI AN
LRI —RET R, BHETORTREFREERE CH X LN s 54 LR
E#7 R BE (Local Thermodynamic Equilibrium, LTE) £’ 5, KEET I X<
KB BHFEREBL - LTE REL ¥, BEET I A~ THATERIE R
BRICHRTERTEZGAREREEOMTOAD Y EVH R LTS, LTE
MEBEZOWTHX Q1) ~©24) 2@#EHT A £WITE 5,

T, RKRET 7 A TRENTFOFHERTRGADS O HTFHOFERIED
THEIGREZ 720, BEOE LWEFEN THCIHATHREBL 25, EEOR
2 BRF RN B L L2 WS E AW,

%'%

222 FEHITIX~
ERBCERINDLTI AR LA LORE, BHREILBENZRECSH ),
RIE D &5 2 EHTHREICR 2 -TB 5. UTowFhroffaziF-Twni Y,
(a) BHt 79 X~ (lonizing Plasma)

TIGXTHDOAL X VEREW n,, /o, "EFRE T, CThRO LN 5 EHTEHMHE
(/0] &0 SAEVEE, 79 A FHHIGET S E TEMENE, DL
BTG EBBTIATE V), BHTI A~ TlA 4 0 GFFEZTICE)E



t%%m;of&benao:@;5tfazv#emménam%xxyrwu
ﬁ%$@;b%%§®ﬁm417#6®XN7bwtaéo

) ERETT Z< (Recombining Plasma)

7T A GBI, 44 VERLYTE TTRE CROL WL EHTHHELY K
.gw%%Mﬁ%%ﬁﬁﬁig&fﬁivtééomﬁwmw77zvm¢@f¢m
A Y AREOIES 7 5 A ORI B LS AR S RED A 12
| EEFEVBA I ETEHR LAHEIEREL Y, 2Ry PVIRBETE LY
?ﬁ%mgmmm77xv#e@XA7}wa&aomﬁﬁﬁw%ALméuwaﬁﬁ
 ERECTHABRR L > TR E b KRBT 277 XTEECTHLERD
AT AT EERLRA. ThDE, 7T AVHRRE N MRERBHAL,
RS LS o CREIE 0B REMI R B REARPHEC
7T X AR AT ERBORIY L IS AET S KAESEE T 7
B0 bR R EDET 7Y — /O BEEHET I XY TH B,

003 WEBEEAWET S XTBOMEREY

 HmECIBAR R, KRET T XY TRT 7 AT A X BEOTHCIES
LR b D% o TV B, EEATAO T T A BRI ICEA S ERAM
'"®%%¢m@®%ﬁwé%mﬁﬁttb\ﬁﬁ®k:6\ﬂﬁﬁ%mﬁdwt%?
)W@%%ﬁ&éﬂfwé&%f@% DT, BAEZTRREIR TV IHETER
SR 79 X< B oREAEEE D

“ﬁﬁﬁﬁwmitﬁ?gﬁﬁﬁ%®41/ﬁtLfﬂ¢f<ﬁ%én%ivk
B TWD, 24 2 0EHEE 7 X~ (Microwave Induced Plasma, MIP; % 3 &)
oA~ 9 X< (Inductively Coupled Plasma, ICP; #48) IT b HEE
Eﬁ&m~0J%ﬁﬁ@ﬁﬁ&%%%7?i?fééoMW%ﬂﬂPéﬁwt%%
;4ﬁﬁ&ﬁ%@&ﬁ%%?%ﬁ&&wwﬁ7?X?®ﬁ£ﬁ%Wth%%twbﬂ
L TwB, M7 T A DR (4000 ~ 10000 K) 1L 3% (2300 ~ 3300 K) &b~
C TEBRTH Y. ﬁWV?VﬁWWt%%$ﬁﬁ%§EKC@l5&ﬁ%ﬁ?%%o
UL, MIP % ICP i3 B RARI i w720, iR — EIE RS — B L
W5$ﬂ&%%ﬁ&@it&woﬁﬁ\AUWAMETﬁ@EﬁEﬁbf#mm
Kﬁ%ﬁ%%ﬂ%##b%f\mﬁﬁﬁﬁMMKﬁE®7wijET%mﬁ?



ap A BETRLEET ST ENTHETHE LD, KNy YHHHIC L ULR
L ERTNMNIYMIP L) BV i) FEIEL S, 208 RFERAES
ArREPETHEOMOMICAHERET b —DRTIXIHA (T VTV, A Y
) ORI L OH OEEREN R o TWAZ L TH Y, b5 —DRETHEN
¢ Saha ORI E o THESN B4+ VLBEFBREELVLELI(BwI LT
aoz,»o TOEIGADL, BRI W MIP R ICP IR EVY Y VA THE
 pERAMMEBROREET O BEATIE LS TE R Ve TRERBT B
 palyn BHEAEHE £ LT, Mermet! RMEERIATIC & 5 1= Y 74 4 21L& 10
40

 »BET A OWRERE (metastable level; A™) DFEET L F — HEF B 0 A
A UETALF-LOREVESR

A"+B—+A+B+e (2:5)

BRI Lo TBAAF LSRN LD, TVT YT I XY THE, 11556V
CBLUIL2eV DREIANE— % b o LEREREO 7 VT Y IMENRTEX
DA F AR

A+ X —Ar+X" +e | (2.6)

DRETHSL T B, ZoWE, FEBIE, HiA TS Y EROBELET 5
CAUBLETATYDTT AT DEEAY Y AL TN Ty OEREREORE X
A (He: 19.81, 2053 eV; Ar: 1155, 1172 eV) DI & o THIITE 2,
REL, C OBEEHICES T X OMBORPIB VT [7 VTV EF0
- HEREREE L BRI OBE REITH B 01, BERES ST S h B HE
o WL THERERBORTIBHCHEFLT 2] LVIREETo T B, T
T V7YX T, SIS RORR e T 5 R ERBET L 0B L 5
_UBEER N, LY BIEOTI XY TCHRI NI L D AR PANBHIE RS &
BT B EHTE e LA Ly AL RERRAE O 7 VT Y ET R R T2
ERBORT LR LTI A F— OKREF 120, KERKECS BET 0%
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AR COMRBEE KR T, FAREERBTS L) Kb, &
NDEIREZDLBERPETEEZEOHEEL D) S(HPTE, BXEREOR
 AETRA A YK L ARET TS X7 OB £ BT B C LA TE B,
COEBEWERTSE, BTEEN LTE THRIRAELYEL, 144 1L
':;$»¥—ﬁ¢é< £ A EERRTVF P Y Y A%k EOTE (Basily lonization
Element EIR) 045 79 X< DRFHENDEENPNSVWEHEBE LT, TVIT Y OHE
SRRSO S TS LTWa Z EBE 2 b b,

Ar+ec— Ar+e+te v 2.7

o). ArHETEBL THEE I EEEAET. Ar EFE Lo TVRE D
TEFISECMHE SN THIR QD OFERECBE T 22077 ATHOES
BB —EICREN, A AT W ETAE L THE, TVTY D4 A L
I ANF—IT 15766V THE DL BEERED, SO F VLT AV F 1L 1576
~1155=421eV %) TVIVERBOAF LA NF - LRIBEL 25, L1
{#ﬁof7wijm%ﬂﬂPTﬁ\Aﬂﬁﬁ%%ﬁ%@&%%%bTW%t%if
%W@mibﬁw
LU B &) BERERBOT VT DRV T4 F /fﬂ:fp MIP o Ehreh
CBREELBERESLLTVL EVIB TR (£ 04+ Y RIBZD4 4 6T %
N F LRI AN F - ORIHT N T Y OELFIRIED T AV F— 1155 eV, 11.72
eV EDLAEV] Evd BENSBITE RV,
Boumans 65913 ORSEEMET 572010, RIROBEESETN T I A< OBe%
WH L7ze BREAEM TS A LIETEEIKRE CHHEG RSP XENE 77 X
X THY, TOTIARTRTNVITYOFHREFD) b, 14~ 15 eV OF VY
- WOEFHS, ANy LRI AL, BEORBIC Lo TnE EZEZTY
L Ae IOEIRT NIV OREETIREZEREOERT L) BV AVF - 2R
:,:“CW% DT, Ry 74 F ALY

Ar* + X —+Ar+ X ™ 4e (2.8)
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 DRISTERRA A Y EEL T EHNTE D, TDAF VT

X*—=X"+hv (2.9)

LD A VRERETAH, SbK

 Xtre+e—Xtte (2.10)

L) SEBESAIE ). BRETEERL.

Xt —X+hv (2.11)

R ro THHETHERET L, COE XL, BEEREOT VT V721 b

SRS TS E Lk B0 U HED T B,

st LC, Hasegawa 5 ®® i3 Fujimoto 1< & » TIRE I N/-HLE B E 7

“wgm%?WﬁviﬁfqumL TNT VIREFOREN OFEESA L KD,

EDER., TV Ty OREE IR OF A BRI & 0B CRE L NS

_(interconversion) 7H2Z o TV 2720, ZOHBHIE 0.64X 10" em® 4 7% < D
R R CBE AR B o TRV ERR LTV 5, ZLTHLI, <

"“Vﬁ4i/ﬂkﬁb%$tbf BFIC L AEHEYERLLEHRE -EHET NV

 %%%wa%

PEDE S kEETS X< OFEEHE TV 220F B Th I T 5 A5,

?%ﬁ&ﬁ%¢ma%&ﬁﬁu+ﬁu&énfﬁ%f\$%&ﬁ#§w®#ﬁ&f@
2

23 KEETS XY OBERTER

RERETHELNL 75 Ak bR S WA THERE C D58, Bt ORI
ﬁm#ﬂﬁfgéwb@ét%mkﬁw%#t&ofwa Lo T TIATH

WP OMEEBRTIISE C, B E LTI T LA TEABAREALL
BBV, T3k b OTRME OBS O EL b0, ARNTTORBRL, KT
 FORM OBH OBFICIE L TRD 3DIAFITE 2,
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(a) SE —AEEBRBIGS RA 7 P IVEED
®) HE— FAEEBES ERAHEED
(c) HfH— BHEBEBBE (HEH

Iy RAUET T A THBSHRBESHEM T2 ORGMEOKS v, BA
Ly b VST R B ESHE AT ) S EDF e MANY P VORI 19 D4
CEBSR, B AT PNTELD, HORR DV TTH, BIMURICR S 1L

TR ETERS L, THREO A VROME S B R X TR

EHENLNTBY ., EnLOEERAT A LA TED N,

79 AN ORLEANLYERGEELRE TS, 7T XY OME LIRS &
CRFEL DRI AP, CORELEEZACTRERTE B, FAAE, 79X

COIERELR FRTRCRELEEH LV ELEL A RHAVTELT I LN TES,
L EHBVZRELS, A F VEERREEZRDL I ERART P VDT AT AN
- PLETEE, B, W% U EREBDC ETTE B DB IRE 7%
L rosu-THErRELSE. Thb bHEAe R EOBERT Y X7 R, AR
- DREETIARD L) BHEO/NE VT I ATDWEITHL TV B, ThDD,

Q) TR LEAT S ND IR oI BT D, TIXATIAELES LTI
o ETE B,

@ TS OBEROMESs D, Wil BEEOT T X7 EEENICHET b
 CEwTER,

@ MR B BEROBIIC & o RS £ RS B TS 2.
(@) CCD R XD 2RFTRILBE VD LIC £ o T, WEZT TE CIEOHRY
o RICIRD C L AT E B

T hroNEND 5,
C REREFREL LA T AOERGEE RTNT A= —Thb, TV

S TAYRANY Y AR EORFEFHTFOTT AL T, RO &) RiRE REXT 2

L CENTELWM,
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L BRAET.  ETOETANF-EHCEET 2HETRET 2R,
%;&%%ﬁgn BETFOEBIANF -0 Lo THESNBIRE,

T 4 ALREET,, A A ALTESEIL LT B R,

4 HRBET, BARA 4+ v EEVKFOEEEER ANV F—ITE o TH
- 8 NB IR

L abi, ATEEUHECRROBESERSND,

L B EERET, STFOBEOEETRLE L o THE S WD IERE,

| R SRTE AR (UTE) 2L LT 5 79 X2 Tk S5 ORE R—HT 5,
LA L, EERE A KEUESES Y 9 X7 TR LTE AR L TWRWRD, &
ALOBEEELRLT. ETRE. 44 VLRE) > BREE > (F ARE.
EERAR) Lo TWET EFFV, Lo T, KRUEY T XY OREDHEE 17
TIBACE. TRbOBIEDY LEMOBESEE WD, KETHARIEICH 7
RBERIEEC D TR B,

231 BhEREEY
L 7IARFOFRREFRBVTRL S X RV F — RO R T HES A
:.‘ Boltzmann 0l > TWAH T EFRET A L. CDRLHIRADPRHELNS,

Zgzﬁamﬂzf) 2.12)
n B

n,: Y41 ORTFHERE n:RFORE

8,1 YL DFKEIHER E,: ¥&{7 i OFpRRT 2V F —

B: 5rECEEE

o E T, TR REMICE LT A L. 75 XY OB I BV K
- PERERIZHERE i 0 & HEAL j ~ORBREIC & o CHS 8 DK OMIE Tt DT O X 12



.k; ;j%b éﬂ%o

Ij= niAghv (2.13)

- Ay WAL D NOBBER v B S RDEOEBK
ot REIDBITRQID LY

: E;
Q:n%Amwme;T) (2.14)

L. BbI, RQ) EFERLUEDOMME LB L, CEERELT

log(giAng)_ c ET (2.15)

_____ ELND, LIdioT, ga A, B LU EFEMTSH BAADOF—HTF DA
VRO MATIAE £ BE L, TR, S B, £ Lo TAMET By b (K
WYY IOy BT REERES N, COEERD SRE T 2RO EHTE
B, FIAREMTEIR) Lo TwB AL A ADDL T AEOKFOL 4
k’}"’#\:\“%—%ﬁ MTRENYTVSAIRIL LTWB T L35 L, 0y kL7
 EERECRET 50, BRI T, 2HET AT EHTEL, $12, 20X
R R VBB D& R VDA I 2B LT R TV B,

L TVTY 79 A~ ORpERREENE 5 21 IR T T VT Y TR 2 H
%@ﬁﬁ?— HE 21 DEI IV OPDEFREII L o TRDLNTW D, Ar (D) A
ORI M VOWEM AR 21 R, $ 75 21 0XBBRERE A W BRREOFE
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#21 Ar(I) ARZ IV

A E, |&; A ;(10° sec™)
(nm) | (cm™) AP MC CS BTW G BW
425118 | 116660 | 3 | 0.0085 0.0089 0.0132 0.0075 0.0079 0.0076
425936 | 118871 | 1 | 0360 03665 0450 0.3643 0360 0.320
496.629 | 117184 | 5 | 0.028 00265 0036 00294 0028 0.023
4279217 | 117151 | 3 | 0.071 0.0688 0090 00769 0071  0.063
430010 | 116999 | 5 | 0.034 00318 0042 00366 0034 0.031
433356 | 118469 | 5 | 0049 00506 0074 00551 0049 0.048
433535 | 118459 | 3 | 0.0333 00308 0044 00385 0040 0.029
434545 | 118408 | 3 | 0.028 00273 0041 00278 0028 0.022
9
c .
SIS
8 ¢ 8 o o
3000 r ;1 ,CQE z: § ‘cfgg
= g z g Dol
3 = g 23
- <\/
£ B 4
~ 2000
»
2 o
g & p
s i 2
S8 1000 F = <
: = .
.é 2
O l}\ Jl J IJ t T T JlL ¥ T lJ {\ T
424 426 428 430 432 434
Wave Length (nm)

21 Ar (D) A% b VORIES]
(KREJEN AWt 75 X<, %6 %)
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¥+ 22 BhBE OFTES 21 oBBHRLH V)

BRHER EhEIRIE (K) V7% 2 Tl
AP 3895 3.7x107
MC 3843 1.1x10°
CS 3719 2.1x10°
BTW 3567 1.8%X 10
G 3512 1.4 X102
BW 3901 - 75%10°

VTN DBEHER 2 HV S5 L o TRIHRIBE OEIRH 400K ELL 72, 2h b
DREXFHLCHRBEL L TwEHELH SO, LirL, 7T ohhRkiE
PEERELTRNY T USME LTV WIEATH .. REIE O LD 2 HEmEWE
BIANVF—HEHOARSZ bV eHWLEACRENVY Yy 7Oy MIEBEL S
BT THE, LENoT, AFETRENYR YTy M {Tot S DEEDHE
B bOTNERZE)D 2T D /NS { & 72 MC, Malone and Corcoran'” »1#
eH L7720 Furuta H b FEcOMET 24T v, Malone 5 OE%EINL T3 ¥, K
oy rsay Fofle 22 R T . 'f

5.7
5.6
5.5

54

log (Zij / gi Aij v)

5.3

5.2

1 1

116500 117500 118500
E; (cm1)

2.2 ArfiiEEREDER VY oy b

-17 -



= AT T AT ORRBERNEICIEE23IRTAY Y AORFHRY 2 Hvi,
,, (@) A7 PIVORESIER 2-3 I27RF .

% 28 He(I) A7 bV

A(nm) | Transition E, | & | A;(10%sec)
'''' array (cm™) (eV)
402.62 1s2p-1s5d 193917 24.0427 15 0.117
""""" 44715 | 1s2p-1s4d | 191445 23.7362 | 15 0.251
471.32 1s2p-1s4s 190298 23.5940 3 0.106
492.193 1s2p-1s4d 191447 23.7364 5 0.202
501.568 1s2s-183p 186210 23.0871 3 0.1338
g
i g
o3
<}
i
~ &
< =
3000 - = ©
ot W
S 10
i E 5
-E - 8
:.'3. <3
< i
\‘:: 2000
7 B
§ | = g 2 2
£ g o = o
g £ R 2 ® &5
Bt ~ — ~f ~#
2 1000FS & < g 8
2! i :‘i =) ©
. ¥ e o s
R 8
| .AMLMNL
'J,J h_
0 T T T T Y T T T
440 460 480 500
Wave length (nm)

K 2-3 He (1) A2 + VoORIES]
(N AL TS X7 H545)
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5.2
5.0
4.8
46
44 F
4.2 -
4.0 |
. 185 18.7 189 19.1 193

E; (X 104 em1) |

log (Iij/ gi Aij v)

X 24 He phEBEOFRVY Ty b

232 EEEEAESS
| STIBmES N, BTRECHEERT 2, BEOMERNEREL A
P SR LS T v, Lo T, BIESFORZIE N —MENDOFEHERZ, £E
| REOAT OMIGT 2 HB OFAHRI LT B0 CO7D, HESTF OHEX <
SRR ROLRERST ORI AL F— T BRI, b b R RE
MM BT IR B,

EURIREE T,,, 1. ST OEEANY bk AV CHREE LA LRV Y Y Y 7y
R PLROBIENTED, Ll BEFATOTLTY oY 9 A EAVET
L TR HRRAE AR T E L o, WHRBOBED LTI AR
A LTEENBKD OH FHEA < b L% v C BRI & I8 L 72
 MBERAV: OH E#EA~NS b VD £E 2412, AX2 PV OREAZE 25
L ROEVYT Y Say b oslE 26 1RT,
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% 24 OH EBl#EEA~RZ btV

A(nm) E (cm™) (eV) gAv(rel.)
307.11 36393 4.5122 54.1
307.30 36903 45754 58.0
307.44 32947 4.0849 13.0
307.70 32778 4.0640 9.0
308.40 32542 4.0347 2.7
308.90 39847 4.9404 69.9
3000
g
3
& 2000
K
)
E g :
|3
§ 1000 s g
o o~
A HIET g g
=lg S
IR <+
BISIE || <
i T I ]en C% w
W JUU WU
LU LY
B L S B
307 308 309

Wave Length (nm)

25 OH Bl XA~ & VO HIES]
(F7IVETHEEMIP; 5 25)
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4.0

3.5

3.0

2.5

log (Iij/ gi Aij v)

2.0

]

1 A i L i

1.5 ’
3.2

3.4

3.6 3.8 4.0

E; (X 10% eml)

X 26 OH M#zmEo RNV Y < 7oy k

233, 1HERE

o TOAXTRTLIE ABAL L, 2O MM LA 4 v MR TE BREI L w E
B BT 20— lDA F v OF4 IR (Saha-Eggert OR) 16D o

n’ BTFEE
B': 4 4 v O5REX
Vidd b AN ¥F—

n' HIEREDA F VB
B hRF 05 BB

(2.16)

N(2.16) & W TETHE n, LIRE T O %KD 5 72012, Dalton DEH.
RSB ) o T B LRET 5,
SROEH% P & ¥ % & Dalton DEERNIE

P=kT(n1+ne+n*+Z ni)

H

ny : EECIRAE O B T

n,: ¥ i OETEE
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CBTE

:_o P B [27mkT\" Q V)
PUET

LB, LE#ts T, R (218) BEUR 219) £V LR (216) WAD & ) 1%

- ETEEE R, RETERIER (220) 2 SRE T HHETE S, COREEAF Y
ALIRE T, &) KRETNITVTI AT BILBTEE LY F V{LEREDE

ST R -
R EE2TICRT,

BB ARIETIR, A4 VLBEERROIBOBTHEEICIRZNS b VEROLH

 @£D*bt@é%mLto
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10000
9000 |

8000

7000

Ionization temperature (K)

600()_111111111
0 1 2 3 4 5 6 7 8 9 10

Electron number density ( X 10 Bem™®)

27 KEETNIT Y 75 AR IIBITDETEE LA+ LEE DA

P=1.0X10°Pa, V=15.759eV

24 KFRET S AYOEFBERTEE :

 ETHEER BELCORTIAVOEBELEARETS ), ZoflE 4
o DWEEFHWONRTWS, T I T, BEMEW TS AT IEHTE 5, ARY
NV DIEDY WS FEICOWTHRR S,

2.4.1. AN RIVEEDEDS Y # WS HHKW

LTE # REXTICBFFELROBHFEL LT, ARZ FVEDO Y 27 Vo RHS
) (Stark broadening) % fIV* b HEHH % 6

MELL 7 — OB F 084, FEETEETHOE ) o—Eoms EFL Tw
RN T AT RBHET OB CHFATIEBOET A 4 DVEL BN
 GEROEBRZY, EFORBEEM TS, COBRE, TRV F—HEMLD
EHY 2 F e U, BETESNBHARY FIVICES D (Stark broadening) i £
DN (Stark shift) FE LB, 79I XTDBEIMES, BROETEHEL D ST 2
| DB VOBEFRECH A, Yo s Vs HREOMY RV IEA A v 0lE &
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“r*‘f"@@iﬂation) 2RAVD, COBE. Ya s VIMBRER L, COLE, &
ﬁ&@ﬁEWETE:6ﬁ%@1$W$_§mﬁ

L = B (2.21)

e EHCE B ETo. BTEEN n, 0L & &4 A Y HOTHMER

(2.22)

3
i:-":( 3 ) (2.23)

471,

XHRBOT, COTHHMBIIET 5 YRR

B ::Lr-‘)z.;_loc]qelnf/3 ” (2.24)

&

CE%B, EoT, K21 BLUR 220 & D
AW o 02 -

CIRLNB, T TV aZVIIED DAL, TANF-EACHIET 2 HEE X

AA, e n2° (2.26)
Iuby
Pe e ALY 2.27)
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5:aﬁfééoL#L\ﬁ%®7azvfu%?®%§@®tb,ﬁ
ORI D S E . KRO &) B BIRASEBEICBLT o

.= ClnaT)A™ (2.28)

,Uﬁ(lﬁne&T@ﬁﬁibbfﬁﬂﬁﬁTéﬁﬁféb\&mmﬁiof
:magénfwéuﬂ,cw;%waiﬁfvﬁz\T&b%Tijiﬁfv
gﬁmm7wjy@vlyw7$ﬁb%%wf%?%&%@%?%ltﬁ@%%o

L E VIR, Ky T I —IL0D %4 A 7% Ar (I) 549.587 nm D A7 PV
,*&mwwmauthmmmanmmt%%%ﬁ\ﬁ&@%%%mzsu

T { ] §
8.0 : 1%10%
6.0 I
og ;:8 : Electron number density(cm‘a) :
s 9 g
1
5 ooat 3.162 X 10%5 |
o)
w o 20 r £
Z -
¥ 18 rF :
= 16 g
Q 14 - : 1
& . A
& 1.2
p= 1.0 ~ 1
E 0.8 r 1 % 1015
& 0.6~O////O///*”“"G—Mﬂ—° 0
3.162 X 104
04 o e gi x 10M
02 -V —° v ~ 3.162 X 1013
1 i 1 1
2 5 10 20 40

Temperature X 10 (K)

5128 Ar(D) A2 b VGG BFHE, REORK

it\%ﬁﬁfﬁfvﬁf\%ﬂﬁﬂ%%ﬂ?%f?iVTﬁ\xN7bwmﬁ
0 O etk & v (T=5000K. n,=1x10"° em® Tk Ar DK 215 AR O ke A
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L e BBV Hy RSV T RO n =4 B0 n =2 MO BBIC & - TH
ok ARY FVT, FULTERE 486133 nm TH D, ZLAEDETARS F L
Loy WO IEND IR (2.34) TEOT DT E 225, Hy MIIBEIHE % b D 7=
BTEHERCREICL o TARYS P VORRDZAALT 52HEIHE ik o T B,
L s NSIEDY EF Y 7T KDY R EAE HROBRK E BT HEO HRE
o bl ko TR SR, FTMEEEDLRT WS, {29 ITEE 5000K
5135, BFHEE10X10" ~ 1.0X10° cm™® B3 Hy Mo AR2 PR E
2, 2L BMEREREFRLOY - ZETHBILL T,

1.0 - Electron number density
2 )' (X 10 cm®)
g
. 087}
o \_10.0
g ,
2 06|}
<2}
e o
Bt
g 04
=
.8
@ 0.2
B
= ~——
0.0 ¥ T ¥ T 7 % e e e
0 1 2 3 4 5 .

Wavelength (A)

B 29 H, # (486.133 nm) N A< b VIR

Hy SOYMELIE & WTHE, BEOMMKELR 210 KR T,

T AT 0BENBHTHINIE, BLEDLHICL TARY FVORGEIEILETF
HEEERDBIENTED, LI AN, EBRCHESNDEARS P VERICRY 2
SIWIIEHY, Ky I —m Y PHDED D bE TR TV B2, MOEHD IS
LA ERET S LW E LR D, PESNDEFHORHA~Y PVEMT
KIRT LI %, W OPDERYDELRYHo72bDER > TWVWEG2,
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10

10000 K
\

FWHM (&)

O 1 i i il i i A b | i

6 1 2 3 4 5 6 7 8 9 10

Electron number density (X 10 Bem®)

[ 2-10 H, #A¥EE0E & BFHEE. mEE OB

LY eSS R
L RT. A4 vh LI AR B AR bR, 7T XY ROSROMBT 0
 RARNEROREERI Ty Ay VRN REL R,
LRV T —RAY
L ARZ PR SRABET A4 Y SEBH LTS 20 CERIRCHTS Fy
TS BRIk o THBHMOE R L, RIESEA . KT OMEE TR —
Ai&ﬁﬁmyvyﬁﬁétfw%%%\vaﬁwmﬁbﬁﬁWXﬂ%ﬁtééo
L8 BEREDY
WA LF MR S R BT 10° ~ 10 BREE O A CEVHERD
. EEBBT I, COHFGVIHEEHEDDDTANRY MVRIBIRN) £ 5, B
WL Za— Ly Y RMOBEKTH 5,
AT LYy ERty
BFRAF DR F RS T LERT B2 IET D ANRS PIVOIENY %
W= LYY FREEDEND En,
S Ry =y EATh
HERHT BEFIRAEOFRF EDHEET B 20KET BIANRS F VOIRHD
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v =2 EHED EV o RVYT = EH DRIV Y VED ) O—HT

%}@%@%&E@Kl%fﬁDMﬂK\%%Kz&ﬁ}w%%@%?%%w
SUARY PVORBNBEL D, TNERBERMI - BEEEL W, A
S sEE e LT BadE v GHRAERS ik, ECHECH LK
s ASFA Y v+ OIESREBEBRERET Bo

THER T AXOgE, BRADY), a— VY YENY, ZVYT—2 L
S, BFREOHECBELTRERTELOT, MEL 25D

SRA T H Do W TREEHHOMEIIOVWTRENS,
B X ND AR PV Yy ) REDANRS PVER 2 (@) ERFROEE
hoavEYya—arihbb

; He)=h{t) ®«{t) = f )-x(z-1)d (2.29)

EbEND, L

j’k@yﬁ=1 2.30)

| Thao Lo T, BEMEA O FHEATHIUL, F4 TV EY 2y 3 VLB
CRLoTHEEy () P b EOWHx (1) #RDBIEHFTEL, LhL, EBK
5ﬁ LENTETOWRIZOVWTTF 4 aVvEYa—Ya VIEHZIT) C L EMETH 5

T, AR T Vidal 12 & o TEHE Shz ARy FVER BBV
 TFROEBMEAI VR - Ta v L, BREREEEREL TEE RICEEOH
'% RO ARY P VORERELRB ZEICE ), BEORFOWEHET 5HE
e, 0L LTELRSY 2 VB EE 29, € 210 DR
j@%‘%ﬁﬁéﬁbtokb SEBB A @) 3, BEKHES v T HTHES h
N%Kﬁ®ﬁﬁXA7}WOBMBmM@f#U%%OWWXi%ﬁtLtoit‘

REEE UC i mhRiREE % v 7o

.98 -



A A EBETIROBINAEIE E AW A HE
g T (UTE) 25 D 3L o TV BG4, F—TLHROA + ViRE BTROFN
| \:t%‘:._ PP BTEE R, EROB I EHTELMY,
2 (2.90) & 0 PR AR DFEILARE

P noE;AOh Vv exp(- fT) (2.3D)
g @%y‘sé‘ﬁﬁ*

E+
ren'8 ( Z T) (2.32)

E A FDOREERE» S O XV F—

"Si bbb, LoT, A4 VEBEEFEORLEERLIX

(2.33)

exp(- E+ -Eo)
7 72,0 gvo Vo B+ ET

Hbeb, ST, LTEDHYZLTWwW5 &E{E L., Saha- Eggert N3 (2.16) %
WA &R (2.33) 1

I'_2gAV (2amkT\® (V+E*-E")
FonegAv A PUT%T (2.34)

L EED L A A VR BTROBELS & ORESEETH ML, X (230 PLET
 BEERDD I ENTES, S5z, SO LUTE #RE LML 241 BOZRY R
 VOED ) B BT B LI L), LTE 50T NOREEMB T & b
fé% Vo AT, [N IPELTHNVY Y ADA F VFE (393.37 nm) B & UK
% THR (422,67 nm) #HEL 720 F 72, B L LT REERELH W, SOHVY
VAR I LR, BT OB £ ¥ 211 1R T
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f*vmﬁ%mm%%wt@%&ﬁwdﬁ

 RREREEE TS A TEA A LS TR v YR T 0 IS, #EDRD T
G BONTOBREME b0, HRORE BRTH TOMRTEIRLL %
SNTERE N, Ldo T, LTE & AE L AFHEMBE LV L 3w A kv, 20—
COOWEREL LT, 79X EAB BPESE LTS LA ST, i—
CORTHO A CHRTERESRLL T WD ET B, ORI AT (partial
IR OF X EF BT EHTE B, ThbL, HTOWEEA 4 LRI L LCH
CREFo2:R @80 KB VT, A 4 VALFIEA 4 VLRI, ET 0 HERES
- PHDEEREC, ERNE AR L LR EEREICKET S EEX D, OF D, A
A ACREE T, LRHRIRE T, B & CEERRE T, 2500 TRO K, R @340 %
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, W BEIET o

s *(Twd) (2mk Tion )™ E
., P 2B )( m ) expL ) (2.35)

h2 k Tx'on
L ORFEETARICORBE R, KREILICERN 23) PLEHET
SR TH B 720, Galan 51T L BEEREPHRY #FHHT 5. Thbb

T . T2dT3 T4 T5
B ] P I U I PT) A ETST R eT (2:36)

L RAT NIEHERMEEE RDBZ LD TE B, X (2.36) DEEHIT Ar (I) T
o = 1.0000. Ar (JI) TiX a = 4.8089, b = 4.6545X 107, ¢ = - 7.8367X 102, d =

oL

062X 107, He (I) Tit a=10000. He (I) Tt a = 20000 T# %,

Rl & o

GEDE LS, RERET I X3 OREHER —KROICTHEFELEHC TIThR T
33Ltﬁof\M@iéfvﬁtﬁﬁ@%ﬁ&E@Nixuy@mggﬁat
CRABTRNLTETHI THHLEFL %, L L. 77 AYROFMLR
EMEMEY I AL - a v R EET) DR, ENTA I DOEHLEEMD
BB, TOROIIE, BB LTE #4402 L e WaLHlE 2o HiE % A
HEE DAL EE B, £25 KT IVT Y ICP OHlESER2RT, BEER
RIS ZAEOELE STV 545, ICP OBIEAMEIRE S 720, MM
BB RO L RTE R,

A
%

S # 25 7IVITy ICP Il ik

BFEE |44+ V{RE DR [l ¥EIR
(X10"%em®) | B FIRE (K) K) | FAERE X)
KEE L AR oS HE 5.1 8900 5600 3000
LTE %402 L vwiplss | 5.0 9000
h R A 4.0 8000 6200
| i77'5177’n~7'3” 9200
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5T R T EE R
WA 7 aFETT A<

g S DR S RFET A 4 YL ) R R OV ¥ — ORJRERER R 2K
CRELEE, BARERET 2, CORBBEIETHDWEA 4 VIHA T
SRR o REERE R T CORBEARS P VOERRRBECBNT A L
ST, WETEOEM., EEOWEIT O LN TE L, BT 2EF TS HEL L
Dk ARFEE, T HME, AN HE, TIAITV v b, FU-HE GE
CET I AR EDES P LRI N TELN, b D) b RIETHE FEED
OMHz G HREREH WA FEEAS 77 X< HE Y (nductively
led Plasma, ICP) 2SHAML S, ECHA SR TWA, ThiH L, FBK
. P EoiiBEKk (UHR) B~ 7 ajEé w4 7 aEBFars X<
_ Oificrowave Induced Plasma, MIP) it ICP & lEiL € (a) BB EAERLEE T ¥
gﬁf%ﬁﬁb\mﬁab@77xvﬁx&&®7/:/7:xh%ﬁﬁfé\@b&&
HOBETTI XHREELL L ENTE D% EORF RS . B RER
DB,

LAY, MIP THEEEIhE 7Y X<, HERRSh I Thoddkds:«
VTR S o, W EEATEE T I ANHRGCHBER Y b B
CEMRBOEHEEEA X7 ED E, TIATHAREL R A TLES
DT R LI REEHD, k. RASHAWHOKE S L BRSO A
jEVWaLr@mﬁatgLi TG AT HHBEDFLMETRAET S EHE
CELWw, LaL, XY HART VT Y RV SA, REE OB TH

WIS X SR BEADEE V. CRD OREE T B 701, (DRGSR
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THREIMEEAT LI, @) 7 bAF R LI & o TREE 2475 55",
) SEECHEEOBREUAT 251, % COMRHFTEDRT B,
5$ﬁ%fd BHEEFLMECTIZACERT L, HHRLI(T IV RELE
3720, PEEDSHREA CRERITTE E b 05 7 VKT RAEE BRI COM
B fEkOEES] MIP TREET S - 28R OEZHREEA 07 20 W RZE QK
ZHTHURRE R 57, '
AETIET T LD MIP BLUY T VKETHEER MIP oW THFH L, ¥
TN R T HEER MIP %35t 5 -0 0F REREE A - LR OB Ic o
WTHRRB, FLT, B ENLTNT V75 A DiBEIELITV. A MIP O
ROV TERE LT ) I/, OMAEL LT OFM24T) 20D 1
ATO—HATIAFBLCTS v Y27 bvd F 2 2EE RO R K5
FRERC D2V TRIRT %,

32 MEBLTEMIA~YI 7OE TS XAVE

A 7 uERACTEELESHAD 75 A< ik, R A 7 0EFESS
A< (MIP) L BRI NTWS, MIP WTH#HCHABI AT AEAERN ) b, &EF
LY LEIL 2450 MHz (% :122.36 mm) O~ A 7 O 23k ciikRs &, 3
FHEPICERSINIBEERTT NIV, ANV A, BF, ER:ECORE SR T
FATALT LEBRRE 75 ATHb, FOBHEBTI XTI AR, R, EHEK
WOGH 3G e BEAL., B, 14+ bl ECRETHGHT L > THEY D
ek, BRI EIT ) MIP it () HVEhE, 4 4 R s>, @ 77 X7 %
T - D VNELBENRT ARENL 2V, Q) BOLNEREARS PIViE/Ny
TTTy v A, HBHGHWERANRS VO EICBARS PV Do
MEWThsb, @WHEENO V7 FTHY, HEHNRMET, BELESHTHE, %
EORR2HOD, BASKIMAOKFEEL L TRTTEL, sav 7774
DI PR G BONMAOAL A VPP LTHET A ED LR TEB), £
LERHFER SR LD TV S,

MIP BT TICHERHEOREFEDRE o725 OWEE CHESA TV
TDIL, KRETREL TS AT ERTEL DR UTICHET S,
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eenakker ZIZER3LREE

L KEETCRERTIXREERT S OREETH o 7225, 1976467 4V v
4 0 Beenakker BAZETT VT NY D ADTI XX e ERTELIA 2
%’%ﬁ%éﬁ%Ltmo%ﬁ%ﬁﬁﬁﬁ\ﬂ@%ﬂMmm\Eé%1an®H%
jo. PO L8 mm DKE B TH B, £ ORICHE 6 mm, P~ 3
B OREREE AL, 20T X7 % BT 5o Beenakker HIZ AR
sl e LT, HEBEAICED o 22 L, Fa—= ¥ VICAEEE A
25125 Dalen HIZ & o THE SR, HifiEh T3,

n—(0)

M 81 w4 7 aiEHFES T X< iR
Beenakker ! TM,,, € — F M##ZEHH LRSS

®) KE KA SIS (Surface wave exciting type cavity)

MIP TESHTICEFI &L SN TWwD F=FYBRO TS AV EERT 5 L idHEE
& o 7=%, 1990 4E H 3T FEFT © Okamoto & ™ %9 13 BRI AT BE o JH:LH
CTRRIE Y, ZEEREEON-—FEAVBEI L TE—F VROBERT T AT ELE
BT BT kT & B RTREE MRS E R L7, MIP 2V HEAHERE &
LT, BEoLAME—, ZORETIATE LAV bor TS, AL
ShTwaz,
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Front Plate t
Quter
71 Conductor ,

Microwave |
(2.45 GHz,

e =l
Plasma Support Gas i ;\\Discharge Tube

(N2, Air) (Torch)

4]

Sample (Aerosol)

& 32 &KmkphEi RS

Okamoto Cavity”

() BEEES~A 7 a7 I X< (Capacitively Coupled Microwave Plasma, CMP)
ROV Lo CRAELTA 2 OB R 2 A CEE S ¢, B
DEBDERIC TS TIATeREIEIDDTHDL, YTIXIFARZRTNVIT», &
RERLGEEHVD, BRABEATIAY - THBEL TT I A IcEAT 5
LEENTRASVE L B ETIATERRFTEONREL 2200, BRRA
BOBAHTEEYL 1kW B EOEHS CMP SHR s hTw 5™, /-, Bhots
Mg, BEME OB IYETEORRICL2 LW READNH 5720, BEADE
 VERTHII VAT VEI-T 4 Y T EEBMB ORI T b T
%23)0 CMP I H—FEH~ 4 7 a7 X< (Single Electrode Microwave Plasma)
LY LihTwb,
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33 HREE~YA s a5 Xv ™

(d) % —7 7 b8 ¥ (Surfacewave Induced Plasma, Surfatron)

Yoy OV VABRERRETORERCRAE S SR T AV ERBE L 7S
AT OMICTE BRERIC L o TR, EIRSE3 7T A~HETH 2 v A 2
iuﬁ@1$w¥~u§@ﬁtLfﬁ%%tVﬁfvwﬁéﬁ%Lffﬁfvéﬁﬁ
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CONNECTOR —— N
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ADJUSTMENT
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34 F—77 bur®
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ho 7TIARBUNPETMENZHRE L LTHL 20, HEBEOLVWEZALTY
THGAREMFRETED, TRE—F—-FTHE7-0, BVEEL L FREE D2 &
) RBBERD. MIP LR, HEDHOA A+ VFEP R HAs 0T M T 5T 49,
RS USR5 T 4 OREET® L LCRET AR BE kbR T D,

'¥wﬁﬂkﬁﬁﬂ747ﬂﬁfﬁfv

| AEHOMERERE A, BEry 7YYy THERMEY RI AL A2 T
. T TEM £— FO 34 EEIMRLIED . & LRRBIR T I v 4 RAE &5 99,
A SHREIS A 2 0TS <K MIP & AAOWE 2ROUAC, ¥ -7 7
Y ARKBEEO R EBS TL T I AT ERESE DL LHCED b, 7
FARICEBGREGEP TEIENTELEVIFREED, 20720, BESHT
CAOAF VIE LTI TED, 2o, TIAT RMES LBETS B, Bk
;§€%$£<M%?%Ctﬁﬁgéﬂﬁﬁﬁéao

Microwave
(2450 MHz)
Plasma gas
(UHP Ar) _,% w—
with sample
~ . Plasma
L Coupling loop
————————————————————— 1 ) —

7 N /

Silica tube Brass tube

— e
icm

B35 3/4\ HERRI~ A s a7 T X<

33 AT NATIEER MIP

B 3.6 |2 Mk BB OMAEE & i 156D MIP T 7 9 X< # ATV
SR, WEE OB > THIV 79 X RET B RS, 7
TIRS OB e D, REEEATE LTI AVHES CHBERIBR
| AERO L, W OBERBEAC L HTEETH B, TRIEHL, A
5%%@%L<%%Ltnﬂpfm\E&7®;5m:ﬁmﬁﬁbt6%ﬁ71%@&
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ZEn)H, RABREE Oz REACERE T A LICL ), FTVETHE

L EEERL TR,

Discharge

Tube Cavity
- \ Plasma
Plasma . /
- gas — -

[ 3-6 $€3k» MIP #ER&X

Quter
Discharge
Tube

BRSNS

gas

Inner / Edge location

Discharge (0 ~ 20 mm)
Tube I

Plasma

37 ¥ VAT HEER MIP SR X

TTINVET7THREER MIP CRHNABRESOHARE T 2L L MEONME (Edge
location) # @Y ICERZ EICL 2T, ROFEXEBL I ENTEX B,

ﬁjm75ivﬁx0ﬁhﬁ&%ﬁ@¢%%KMﬁfatb\75fv%m%%®¢b
L BECRECRESEDLIENTE D,

1f/f?f,"(2) WERDIKES MIP TIINEETH o AN OEHEBEA 20 W RED T A
| UOEANTHLITEETH .
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| @) 79 AT EHEE SR AL Lk, EEORE & <, KR
HOTTAXNDRASENT,

ZefStHRAF LB T, R 13 20,0 mm, ARERRE TR FREREZH W2
HARSFEATIC L D 88.0 mm & L7z, SMUKEE IIZFHME 5.7 mm, A 4.1 mm,
PRECEE N RS 4.0 mm, PIE 2.0 mm OB RS T ZEE . < OHEE
:@mwt%%\Wﬂ&%%%?~mmmﬁkttﬁm7§f7®%%%um%%®
hu Ml ETERE L2,

77X HTADWHER 1.0 /min & L7z, SHUIBEE OFRT &£ ARIKEE O &
SOWRITZTNREFN 133 mm/s BLUE3.1mm/s &b, LMo T, FTIVET
JHEER MIP CRBEEERNEONEGMEMLE T 2L bAAREEOHFAEICL o
TT T ARDGRRPEEENENT 5. COEILDFETFZR 38 IT/RT,

Inner Discharge OuterTIl)llggharge
Tube\ \ Plasma

I— Plasma Gas I I

BERg X : RHDEEF
FIRIFOFIME & 1 EIER
(a) Edge location=0mm

PEROMIPICHY., 73 XY BHEBENEILE > TRET 5,
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BEEg X DT
(b) Edgelocation =5mm
75 AT DRBBRAUREFICHEL, FEETRES 5V idEET 5,

AP SOk =y

(c) Edge location=10mm
75 X DRSO ETRET b

. BERg BIOBT
(d) Edge location=15mm
75 XA DEBBIRBE O LEE T TREIDNE V.
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BEg EHDORF
(e) Edge location=20 mm
PE2.0mm, SHES. Tmm OHEELHALZBHE L A%
T AREHEENEICR TRET %,

X 3-8 MK EEWEMEIC LS 7T X DRt

WHIEEE OWEAME % 10mm & L7GE. 77 XY ORI HEE OREEICH
CCBELTH, EEBEECHEEON MBICRRES NS, Lo T, AL
RIPAT T AT DEBEME UL, RO MIP CHBE % > TV 7T A
EOBHELLBE SN,

34. BREEF L AL REIRSE DR

Y TUETHEER MIP £ BT B4 72 D . Bl SERBAE L RET 5 01
 BELIRENOBRBRIESE £ RO B 10, FREHRE ¢ v TERLERN O
BRI AT o 2™ BT TOL 5. WO BB L HEE BT,
MIP 0 ZeAitiERN OERTEORERR O N v, I-HESER L ORERAER
ORI Dalen 512k o THREMICAFE SN T2 d, HEEOFERLAR
RBAZ AL LORERFTE DRT RV, |

MRS REE TM,, E— F CHIE S ¢354 € OHERE L HIHRBO
¥t e BRERELT
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1 2 n\? %
A =((2.61 a) +(2 h) ) B

yFEbEDH®, L7H%o T Beenakker Bl TM,,, HiRE: T

A=26la (3.2)

rie . 450 MHz (A: 1224 mm) DY A 7 uifz Hwizigs, HREZOEREIX 93.8
mm &% 5. HERABEHRHEROMEORIC L > THRT ), BETRHKFEL LV,
F 7= TMmnp € — FIZB 2 ZARENOEFRES E B L URFAES H iZH
TEEERICB VT

E. = - Ennp JIn(ker) cos(mg) cos(k.z) 3.3)
pr : ~

Er =- %“Z Emnp Jm(kcr) cos(m ¢) sm(kzz) (3'4)

E,= :‘f 7; Eninp I (ke r) sin(m ¢} sin(k.z) . (3.5)
eT "

-0 (3.6)

H = J :fm E rinp I m(ker) sin(m ¢) cos(k.2) 3.7

c ¥
H,= ) Z}e Ernp I m (k.r) sin{m ¢} sin(k.z) (3.8)

ko=Pr b Pt pPiR2=R? (3.9)



r: R

P s RNy LIV D n FH OB
k. : TM,, &— F ORI

kE,: TM £ — FOERERK

HBo £oT, TM,, T— FIZBLTIE

E.=-EoodJotk.r) (3.10)

Hy=-1 2’8 Eoto Im(ker) (3.11)

E.=E,=H,=H,=0 (3.12)

po=Po 2405 4 (3.13)
a a

by TDEIITTM E—FTIX, Ay YU I V-T2 AL THERZE
RRBEABICELL W 4 2 u i, SECE o RS L v A0 TR
AR OEEEEL B,

L LB, FEEOMBEREAT S & IR EE IR O BRI ST
W L., TR S LR Y 2 5, L7zt o THEkE, MIP % 84E$ BB,
 ZERILIRSBF ORI PR L FETIT bR T E, S6IT, FTVFETHEE
OB MIP CHMAIKES £ JHERORT I TIHRAT 5 720, FATHICHECC & 3ED
COTHEEE B, O T, AT RAR LI L ) FRS R BRI RS0 A
| BB O T &R L C 2R ORI £ 1772 o 72

MR, PEEECRS O & i E R E b0 SRR OBHA I AT 3 KT
BT r0b, BEE 2RTEL TS T Lk DEEBECATY OKES
T DTRE L % B

IR OEBER E 22T Maxwell OEEIHER

VX%VxE-#aE=o (3.14)
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PRDBEREMDPEY LD, ThbL, FREGFIERLELROBRICBNT

n x E = &5 (3.15 a)
n x—ill—rV x E = @i (3.15b)
2L BREEDERICBWT

nxE =0 (3.15¢)
%tmﬁﬁ EDBEFRITBNT

1
nx—ﬂ—erE =0 _ (3.15d)

Bho TIT, kBHEBEE, e BL U HERERCSINIBEOLFERS
CHBHE, n 3EZOEREI THEEEREZ PV Thb,
& 5 IS HAER, (3.14) L HRAMH (3.15) Wi L TCROESEBAISHRILT 5.0

. fﬂi(VxE’)'-(VxE)dv
R(E) = .

f eE-Edv

(3.16)

CT* IR FEEEEDLT,
T7z, BIEEXTFRE % 2 8 & 32 HAEIESR (, 6, 2) TR (3.16) I BT 5 HKERH
ERBROBREMFEHRETILEN DS, Thbb, BRLEEZROERIIBVT

i,-(nxe)=3EH (3.17 a)

eq= 1T (3.17 b)
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ig-(nxe)=0 (38.17 ¢)

eo=0 (3.17 d)
bHbo TMy E— FCERENHEr=0I1I28WT
er=eo=0 3.17 ¢)
T
e,-;ee cos 04 e,éeg cos 0
E@r, 6,z)=i,
_er+€e Sin0+er-ee sin 6
2 2
€r+e€p . er-€qg .
. 5 sin 0 + 5 sin 6 o .
") ertes er-eq 10 (3.18)
cos G-~ cos 0
2 2
er,2)=i.e (r,2) +i.e.(r,2) (3.19)
THhHb,

Lk b BlgndERE 2o LIRS OBA W HER &G G1D) 2 HE T 5 HERE
e, BLUWe, t IVWTESKHNB16) 2 T Lilh b, TOBRE, HMUERE
rézTHY, 2RITEDHMBEELTEIET LI EDTE D, o T, ZIHERS LN
39D kS HE L THEETE - 720 |
FHEREE2 LT 24000382 T2LEND L 05 stHEIFHPEHT S
AEYVORYERE L, MEOERINLIHLS2E D, 77 AT0FRET 5 HEEH
TR %% &) CEREFEZIT o720 FLE 25 2667 mm F TOFL T,
SHAREZEOLEFMOES % 0.333mm & L7ze ZAEOKIT 6 ER, BADOHK
165 HTHD, ERHKFEFOERE (NE) HKEFELFAL 2 WA ICHIRBAEE D
2450 MHz ¥ %% 93.8mm & LCEE L. BEEEAL D ETIARHAREABD

-47 -



AT B 75, RO S BALT 5 KBRET R REBOR &
L 200mm kL7 % B, PYMECRAS KPYEE 2.0 mun, SME 40 mm | SHKET
%i?ﬂ@%ziﬂmm\ NEEOmMm TH5,

o
\ N’é‘
=
-2
24
O
A
(- <o
~— | 0 46.9

| Radial position (mm)

39 ZfRitikdz N ERTHE

3.4.1. ZiREIRSZOELIRELEE
HEESINMUIRESE DA DS GEFE O MIP) I2oWT, HEEOFEXR LR
BEOBGRERD 7z, SHERREH 310 ITRT,
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I
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1 5 10 15
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WEEEHRALEZVEE, TabLEEEN L00EE. HRAKRKR 245
MHz £% D RO CLBHERRE BT 2. HEEOFERLH(T 2 &R
ER I IITERBINS (Lo Tz, FREISDARN T AROHEE LFHALL
ot FARABBILHK 35 MHz AR~ 7 + L7zo Z#id Dalen 512 & 2%l
Lo L RIZ—B L TV Do

AERBEO/NE® 6.0 mm [CEZEL. WE LS E756 OIHRE REEL
RO BTESEREH 311 IKRT,

AL HEE O S L CHIERBERDER ko oo MEELRORWT
WiEWATEEE L, B2 E B THHRERAEEELEAETH o 72
i, HESFRICHRCHERE &N T4/ S (. HEEORRIWER O FEIC
L L % WA, RIRAERIREEOREICHAIT AT L EZRL TS, L
o T, TR DEREAVT, REEOFERLEHE 2 o RIBABRBOELE
RELZENTE D,

R

N Inner

é 2450 radius 3.0 mm
E; 2440

8 2430

&

)
& 2420 +

.}

gv

S 2410

2
é) 2400 - 1 ] L L 1

0 200 400 600

Volume (mm 3)

3.0 2.5 20 15100
Inner radius (mm)

X 3-11 fEEWEE & HREFEE O BER
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yi’wﬂ*\’?&‘?&%ﬁ MIP ic2owT., WHIKBEDEAR L HIEEEROBG S 5+
Lizo HMEEOFBRIAPIM, SMUL D 38 & L7z, FHE&ERER 312 KR T,

2420

2410

{

2400

2390

2380

T
./

Resonant frequency (MHz)

2370 1 1 L
0 5 10 15 20

Edge location (mm)

312 WHIKEE O AR & IRE B E O Btk

CAEESERALTY L, COBAbHESHAR AR KL o TEE
BRI R E ~Y 7 F Lzo BEEBZEINT IZERY Th BT L2 b,
BRI PR ES OWETRR O BB DR W E2h 2 b,

4.2, PR IRSFZARDOEREE DT

RHEIC & 0 R 2 AR B A LT O BRSO A 21K 3-18 IR T, i R
3.10) & h Kk SN D EFEMETHMEIL L T3, Radial position & Depth i # 1€
N 39 IWT/RLAZHFLED S DR L OHIESFPONE RR)EEKLL TV,

Rl ES RO TH. Depth: 0 mm A S53A L T 5, a) ikIRSFAICARIE
BEXHFALZWVWESA, b)) XAFE O MIP, c¢), d). e DIFF 7 VK7 HEEH
MIP CHAIKESOWEMLE Zh2h 5, 10, 15, 20mm & L72HATHE. %
XA OEDATTEAR—EE L, HEEOFEFRILI38 L LT,
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" Electric field (arb. unit)

Electric field (arb. unit)

137

1.2

117t

1.0

09¢

0.0

137

1.2

1.1¢

1.0

097

0.0

O
\2)
RGN
ey Q
o bxv@&
" M 1 N " L
0 1 2% o
Radial position (mm)
(a) HEEEZHBALLZVWEES
ST T 7 T 7
/ 7 72 /7 L7
oD
\2)
M
o L : 11 " 2 20 Q,'Q\’
Q

Radial position (mm)

(b) Edge location=0m m
SRS DR EE O MIP AR
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Electric field (arb. unit)

Electric field (arb. unit)

137

1.2

‘E.A:‘!."??%V

1.1}
1.0
' N
097 \joq)\
X S Q &
] \, @
ool v ./ © &
0 1 2°
Radial position (mm)
(c) Edgelocation=5mm
137
1.2 F
1.1¢
1.0
Q
09¢ \joq)
O
;= \(Q &
Q
ool °
0 1 2% o

Radial position (mm)

(d) Edgelocation=10 mm
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_13¢
=
3 12t
s
S I
o 1.1
i
o 10T - o
E A\
Q
= 09f %"
S )
= A Ké\
ool °
0 1 2% o
Radial position (mm)
(e) Edge location=15mm
L3¢
=
3 1ot
-
o
8 1.0
3 P
= 097 ) N
oL Q '&
~ N @
00 A 1 i i i <0 ‘Q\:Q
) 1 2% F

Radial position (mm)

(f) Edge location=20 mm

[ 3-13 ¥ 7V K7 HEER MIP 4228 0 BHRSRBES AN
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HEEE B LA, RUBEE OWERS £ 0L LTERRDRAY 25 ~
0% H o7 Tz, NAREE2RERHZFOWITHA TS L (313D, BUY
cRBE VBT B Lo, RIFEHT OREE OB OBINT Lizh > TEFRM
A RECRBDOTELRL, WHREEOWERIOEETHL I LD b,
BEOEHERM MIP Tk, PLHBMELOBREBEIREELHFALLZVWEAL V&K
GIc# 2% BIML TWaEH, F7VRT7THEER MIP CRHNAIKEERAELE
B L TBROBVESEBE XL LNTEL, Litho T, ¥F7VETIHK
s Rl MIP CRABAIBEEORAE L HY BRI LICL 5T, 79 XIHER S
BEBD LR T T X2 2Eh S D HEIRIC, HBROBVWER*RET L2 & 28
X B0, RN 7 X< 0EEEL, BRAVHEFTEL LR, Lo
. TEOFENTHANGEE LTEMIP 2T 256103, COHEROREL2H
VB ERX Lo THEORVHENTRETHL EEZbND,

4.3. 4T NKTIHEEE MIP ZIRHIRSBF DS

BEL 72y T VETHEER MIP ZiitHEE4 M 314 B L 'K 315 IR T,
MIP I S TWwd TM,y,, HE&HF TR, HEFOWEMU LY Fa—=v7HDR
ERBAT A LI E o T, HIRFABHEBEEEAEN K 100 MHz b2 €2 2 L s
& 5,

Microwave (2450 MHz)
Coupling r

Loop Discharge
Tube

Tuning Screw
UHP Ar

B 3-14 & 7)VE7 EER MIP 22tk

_54 -



315 ¥ 7TIVETHEER MIP ZiRitizes

WD H BV, L1ehSo T, SRR 2450 + 100/2 + 40 = 2540 MHz R/ 1< %5
FTRIZLVERIEO N BTN S 2. AIKEE % 10 mm HA L HE R
TR 2540 MHz & % 5 £ 512, EHROERIX 880mm & L7z,

35, 75 AT DiFERIE

35.1. BADKDIH Y X T LB

 BETESFARES AT AT 5 OB ER 316 KRT. Y/ A FRYAD
WhE R4 7 nikidR#Esr — 7V CERERIFICEA S NS, KT ERE
ARfFThh Vs, [To BT h T 13% BLUHE6% Thotio 7TTAXIH
ABLUF ¥ YV H RACIREHEET7 IV T (99.999 %) * Az, BRAFOEAIK
Hoox 70 —-REAT7I9A4FB LTI vyaT bxAFEHwLE, COMIP T
o227 0-BMEAT7IAF2HAVEEA, ICP DL IR F—FEHTEF Y THTR
ETIXIHAL DT, bohLOTELRELTHOHALL, T KV
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BT VTV 2RO ONb, —HRENIE MIP NELND 0
;;’?(7‘7 AT H AN b ) —HIREEREEARE @ 12, MIP ~NELh D b0 (¥
%u%ﬁxrﬁﬁéo:@2%%@7»ﬁ7m§ﬁ\%n%n:~kwnw7ﬁ§ﬁ§
S CHE T B, 7T XYL ORKET T X7 0 Gl LRSIV T, E Y

SeFFR e A CHBERNEUN» S MET 5. 5062F Ebert £, f=500 mm, 4}
£#1.66 n/mm, ) v MR10 um) DAH R v b LISHER S RGN
s, LETHAEY (Hamamatsu, R928) TRELS R, Uy o4 Y7 v 7 TH
WEL. xt LI—F TRES b,

S

Y

S

Ar Tank Microwave Sampling
Generator Oscilloscope Recorder

r _$ circulator f | f

attenuator Lock-in
Flow
Meter
Plasma

Amplifier

Optical Chopper ‘&

Pin Hole
™ el Monochromator
Nebulizer -
Carrier
T T
Aqueous X-Y Stage Scan Unit
Sample

M 3-16 N0 R 7 A DRERL

- T ORMREO B RBEREE R uX 7o -BA T A TEHALL,

HAFR W 3.6.2. 1 R TE WA ORAINEAT o LB OBERRT 2B, 7
I X H A 060lU/min, ¥ ¥ YH 040 /min & L7z, F7z, WHAROEAZ
fﬁb&w%%mufﬁfvﬁx@mﬁ%memntLto&£\7Dz7m—ﬁ
AT I A HI L BEEHREEEAR ¥ v Y Y A 2 040 Umin O¥4, 0.087 mi/min

Thot, BIFEFHOSHELEL LD, 2HOL Y X (f=10mm, D =50
mm) LEOBICEBE SN 2Y Y k— (0= 0.5 mm) A5 RS 1B IHEREFR
ERCTHERBOASAY v b LR LT
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5.2, RAMEENECEOHE

| 100 ppm DAY Y AOEHRE LA L, WALE S OWELE AR £
TT/IAVREEBTHEELREL 2o QISR EH 317 B LUK 318 IR T,
B, 353 HT/ART &) IT, BEABOEAIK & - TEFHEH 21528 8 L
DT, CDTIFIARHDEFRITNTUDLDbDTHL EIZVWER WV, L73o
TNTYDBDT T IO THINT 544 VLRELRDLHFRTEL W,
hHEIR B 1 B ERIREE L ) 7 1700 ~ 2000 K K& WHIEEAE S iz, & DEV I,
DEBFMHTRERINS 75 X~ CREBHANHESE LTE) BRI L TwinE
FBIRLTWDe Y2 F VI ER) 2 AVAEETHEEIXLTE 2 REL-ETFHEEL Y
U~ DHREESBO N, COBRY, S OEBREHCRER ST X7
CRLTE AR L TR wEERL TS D, BEOHEERE —5F 5. ICP 18
v“C b Kalnicky 512k 5T, 30 ~50f& ) AEORIEEEIELATVEY,

| BEEECERT A L BTEE, BIEL S REC EoT, SRBFAL LBTA
DEBNKE 072tz b L A MREE OBEHACE R+ 570
EELLNA, |

4400
4200
4000 ‘ Texc
3800

2400
2200

92000 Trot

Plasma temperature (K)

1 1 5
5 10 15 20

Edge location (mm)

<o
o

317 NRIREEMHEAME & 79 X< iRED PG
Microwave input power : 50 W, Plasmagasflowrate: 0.60//min,

Carriergasflowrate: 0.40//min




3.00

o

=
vy 100 ¢——O0——O0———o0—0
2 T with Ca solution (Stark)
Z

By

3 0.30

[+}]

o]

g with Ca Solution (LTE)

g 010 |

B -

£ /_——o\‘\‘
M :

0.03 1 1 1
0 5 10 15 20

Edge location (mm)

X 3-18 NHEIKEEWEAME & BFHE ORR
Microwaveinput power : 50 W, Plasmagasflowrate: 0.60//min,

Carriergasflowrate: 0.40//min

L. BYHE, BELOBAMELEOC EhL, BEVFETHEI Db D,
. MRIRES * RIBEROB T CTHATS L, BUBRBEIBRLTAI Eh b,
BHOKREE OEFOWMIC Lz o TERBEIREL DT, A
BEOWHELSOEBTHL It bhb, COHEERE, REE 2 ZEC
BA. NARESEOWEHI T EDERIK B~ 30% K& %D L)
LE O SARBFTRER E — BT %o

72, PMRAIBESEOWAEY 10 mm I L7235 A CiRE, BTHRELMBAMEE: &
i, BRRE OKE WERS A RS PO H A AT XA ITmE
TWBHEERLTWS, LzdoT, 7IXYORRERNIEZEZIIGE. T 0
BRSO OBORBEREIC LD EEILNDL, 277L, TVIVHADHEER
5L 75X HAD RSP COWERMIZET L 0T, CoNBERIBET
Zzbhb,
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153, YA TNEAN S LOBRRAIBAOHE
'747n&@xﬁ%%zrfyxv@mﬁgﬂmutomw&*“@ﬁxgum
L CRREMENBARLE o7 10mm & L7z HEHGREHTIE 100 ppm DA LYy A
AL 720 WHERE 2 MAL 2 VISR ORE® X319 12, WEEE A L
#EADIRELZR 32078 T, ¥/, YA DEOAD EEFEEOEFELK 3-21
PRt BHARZEALZVWES, TREThORERFEFHENOTI XIS
BB TR L. A4 VURE > BRRE > EEREC—H L. AHEKS
(FTHERMERBERERA LY, CThoD3HEDBEIETVTWSE DI Tl w
P pT. TIXIHLIE KESWTVA &S ERREA LV, BREEAL 8
Do EERREAN LA L, BREEICES WA, Yo s L rEA) 2N ETE
EFERLIE 2 REL-BEFEEL VN BHEOITIZLALEBELLZVOT, 2D
LTI XAIHLTE IGESWTWa L EWw Ak, BHEEAT S & RERE,
R, BTEECTROE kot, $72, 79 A<M &0, ikt 1258
 BEBA L. TVTY ORI 12 BT IR L 7z,

7400
79 | ——a——a——a
R OOM: Tion
% ~
> 4000 f
S -
2 3800
3 i T
g 3600 | exc
g 3400 -
« 2
g 3200 F
= ==
- 1200 : Trot
s e—o—o—0o—0—9
1000 + ’
0 T 1 1 { 1 1 1

20 30 40 50 60 70

Forward microwave power (W)

B 319 vA4 7 uii AN e 79 A<BEOEFE (BHERALZEALZVEEA)

Plasmagasflowrate: 1.00/min, Carriergasflowrate: 0//min
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4400

B 4200
Q
ot =
o]
& 2800
2 2600
§ 2400
g 2200
8 2000
™ 1800 |
0

K320 YA 270 AN 79 A<BEOHFE BHEAEZTEAL LS

Plasmagasflowrate: 0.60//min, Carriergasflowrate: 0.40//min

3.00

%

g

mo

= 1.00

-

X

% !

3 0.30 |

(o5}

=)

S

=

g 0.10

B

R

= !
0.03

NrTrorrrrrrrrrrrrrgrrT vl

Texc

Trot

1 1 1 1 ] 1

20 30 40 50 60 70

Forward microwave power (W)

o——o———-O—"'o""—O'_’_o

with Ca solution (Stark)

o0—-ua——a—-a—0—
without Ca solution (Stark)

- o —o——°

with Ca Solution (LTE)

i 1 L 1 1 i

20 30 40 50 60 70

Forward microwave power (W)

321 v A 7 uE AN EBFHEDOEMR

with Ca solution; Plasmagasflowrate: 0.60//min, Carriergasflowrate: 0.40/min

without Ca solution; Plasma gasflowrate: 1.00//min, Carrier gasflowrate: 0//min
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KEEBEDA A LT ANF—HTNTY LD b 2 eV BTN ETHROH
nL7 VIV ORKBERIOERTH 2 LEX LD, INETTEEROH
{Jﬁ@ﬁﬁtﬁ@ﬁﬁﬁé&wo:ﬂ%@ﬁ%ﬁ@iﬁdﬂ?@i%ﬁbfﬁ%f
x3,

L 3. WASNAKIKE EBECETLS N Do BT R T RIKE OB I
T ED D 10~ 10 BEREKEVY 220, 75 X PEF M~ OO A
KL, IBRDE) 7T A DEFEHNFEESNLE, Thbb, Y470 ICLoT
MEEN D, BEREEEOHVWRIOEEIBL TEI LIRS, Lo T, NN
ERLTREIZFER BESLETEESLALZIOLEZ NS,

Tl ANEKRELTZEHBEWEEALBE IXEEED, EREEAL %
VISA I RERIBEES LR L, S5, WA EALLSACRALOHEN L
12050 CETRENGS ko led BHEABEALZVWEEITIZIIBLAEREL2d o
2o SNEID, TOANYA 2 OB TR NF—-TREWI I AL E R T
BB EDEZL NS, BHRARTETKTH S EE XD L. 0.087 ml/min DEH
é&ﬁk?éctuiﬁfanmmn@K%ﬁéﬁk?é:twaaoit\mﬁﬁ
PETRFLENS L 203440 033 Umin &k B, ZhE 200Umin DT VT ¥
ARAEMGRETS ICP HALT b&KEOH 1.6% L % 555, 100 Umin ® MIP
REATBLEEOK 2% 2 EDLI LIk, ERTE2VELL D, ¥4 1

EAHSOW BT, TNT Y ORBEERED & T, KEAH OBE LAFHT <
T F LI LTS, BTEERG 81X 107 em® £k Do £ o T, KEAO
KEOBHEE L5X10° BE T £k v, AN MIP Tht, WWERE &HA T
BLBTHEENEAD . 7T Y ORTERE OB ABS T B0, F 2%
TR EEOFHAT I ATETER b AT REKEREO T VTV 1L <
EYTA AR LOFRMERMEL Y b, HEETIC L 2RO LHROBEFK
BB EERLND, Lo T, BVEIRE F V¥ — IR A 4 Y & 75
BRI E 5 b0 SR, BT BEIET R ¥ — 2595 VAL ORIEHR 2 v 72
BRI ORMBRAE %5 £ v, S0F T VKT HEER MIP 2w
TEHRR OSSR L — BT 2. $72, Tang b ¥ ICP OB HRABO SIS v
T RDBREC & o TREDER S h, BEEEHKE (b, KRBTV T
U7X LR OBEEET) LB LT B,
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oOX7A-8RX ISV ERVEBRAHORES I

oA 78 —HAT7AFICL BERAEOREAGHITITICHCIHE Y AT A
iam e M 322 WK T D OREZE L §5720, BHXAFRIY V-V X~
L7

UHP Ar Microwave Sampling
Generator Oscilloscope Recorder
rw circulator ‘t f
Lock-in
attenuator )
Flow Amplifier
Meter - Optical ?
asma Chopper
gas “(/ ppe PMT
- Monochromator
Nebulizer -
Carrier
* gas MIP Cavity T
Aqueous X-Y-Z Stage Scan Unit
Sample

322 7ux7u—RAr75 4 FeH-BRAEOBT WY AT A

6.1 EXBEOREE
TEERAuEFE ST AT KEORNMERER L REL 2o RFCEAL
WERDTNT VREEBEOEABLUNYy 7 7Sy FOKRFEZHE LY. 7
VIV BIUNRY I TS5y Y FORKARS P VEK 323 I1RT. 7T VIT DL
REE 105MEL. REEEX 1AZLX TNy 2 75y v FE 10 5MlE L 72
VIV ORKEEO® L EXH04%, Ny 7779/ FORLEZITVIYDE
BETHEILTAEH 10 Th o7z H FI A 1 ppm BHEE O 35 [HEHE
B Cd (1) 228.802 nm DEXIBEB L UNYy 2 75 v FORTFERIEL 7. &
FR324 1R T. HFIVAORKGEEIFABS TSI ATTEAZIRTELH
BeXbEN), BAXKT LT LM BB TULE T o7z, b EAT)EE &
DILTENERFECORT VTV AEAY PHREEICHE LA FI VLN
?@&éh%%ﬁié%@a%i%ﬂéo
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—

Intensity

\

Time

K323 7VIUVBLIUNRY I TTI FOEHANRT IV

Microwaveinput power: 70 W, Plasma gas flowrate : 1.00 //min, Integrationtime: 1.0 s

B

Intensity

Time

Xl 3-24 Cd (I)228.802nm NDFEHLA T bV
Microwave input power : 70 W, Plasmagasflow rate: 0.60//min,

Carriergasflowrate: 0.401/min, Integrationtime: 1.0s
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36.2. HiFRHEORE
(2) ¥ % U X H AW
fiKﬂ%ﬁﬁﬁagmﬁlén%ijyﬁxwﬁmi\T&b%fﬁzvﬁxﬁ
LAY UNHAREOMR—EE LTV A, UL, RS OEAL s 07
CO—EATIAF RSB, R0 ) YA RAOTRI L 28> TEEREOYA
BT B. Lo Ty ¥4 UTHARET 2 bbRBOUAE L BHILT 2
BESH Bo F v ) ¥ HAFE & Cd (D 228.802 nm D FKIRE DBIAR % 1 325 i
FFe 1ALy T AT HAUE + % v U YA R FEE 1000 ml/min 1 EE LTV
B

120

110 r
100

1 1 ] 3 ] 1 i 1

320 340 360 380 400 420 440

Emission intensity ratio of Ca to Ar
588388

Carrier gas flow rate (m//min)

B325 %% Y HAFEE Cd (D) 228802 nm DFIHEE D BIR

Microwaveinput power: 70 W

¥y Y Y HARBEEAE LT D ESWRORBLBERIMML, SRE T~
FICEASNZREOBRIWINT HDEEXLND, v XY T IDTEE 400
‘ml/min & L7z,
®) 79 X< H A
IS AYHADKERSIRORNBREL 79 AT ORBCBET b, 79X
T 25E E Cd (1) 228.802 nm DFIEIRE DEFR % X 3-26 IK/RT o



160

140

120

100

80

Emission intensity (arb. unit)

60 ] 1 i 1 L | ]
0 200 400 600 800 10001200 1400

Plasma gas flow rate (ml/min)
X326 79 X~ F A&k E Cd((1)228.802 nm DEFEIEHHE O B4R
Microwave input power : 0 W , Carrier gasflowrate: 0.40//min

TG ARTARERL R L L ERNBENEINT 5 0, aFEO 7SI A<
AOWAEMEBEC BB RO LEILN D, 7T ANHAORBEEKRECTHE 7
G ATOEIREL LD, AREIWN DL, CNLEERL T, S5 AT AORE
% 600 mU/min & L7,

A ATITA rukES

AJEIE CA() 228.802 nm DEIEIEFE DRIR % K 327 127K T o

?5140
120 F
-2

S 100 F
=

2 8o
8 60
kS

g o
@ 20 -
g

m O 1 i i I 1 1

20 30 40 50 60 70

Microwave forward power (W)

327 AJEII & Cd (1) 228.802 n m DI EE D B4R

Plasmagasflowrate: 0.60//min, Carriergasflowrate: 0.40//min
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ANBENERE ST 2 A FI Y AORAMBE EHENT 2. L2 L, F#RORE
ZEWCVWNT, ADENREREEOTRLEKENIT DL OW & Lo

5.3, B O RS
PR RO LRSS v TEERAB ORI G 2175 o 1o BHHEER
“=a%ﬁw\NvaﬁﬁvaL®ZN9%w@E~7%%M%LtOM%@y4
3y VY VREAND 2D, I RBBRRAERD D720 BT 247 ) BRI
CHREBREER L I FIVAEINY Y AOMEREZTNENR I8 B LV
1329 1/R Yo Cd (D) 228.802nm, Ca (I)422.637 nm & HV 756, HARHH
NTRABLUSHRETS - 720 B EFTI REMETEIC OV THRILE
Rz BB ARY FPVORKBEN Ny 2757 FORLED 3fEITE
 HEHEAROBREEREBRAL LTwE, HREE IR,

= 5
210
3

; 4
ERR
2 103k
22! -
g :
g 102}
=

3=

@ 10 F
g -
= 1 ! I 1 )

0.1 1 10 100
Sample density (ppm)

X 3-28 Cd (1) 228.802 nm DIREHE
Microwave input power : 70 W, Plasmagasflowrate : 0.60//min,

Carriergasflowrate: 0.40//min
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~ 5
-*g 10
2 10%F
= 3
3 ‘o
2 10°F
4]
g of
5 0%
g ;
‘o 10
A :
&Sj '1 i 1 i i 1

0.1 1 10 100
Sample density (ppm)

B 3-29 Ca (I)422.673 nm DIREL
Microwaveinput power: 70 W , Plasma gas flow rate: 0.60 //min,

Carriergasflowrate: 0.40//min

¥ 31 ¥ T IVET7HREER MIP 54T By 2R

LR R (nm) HRIERS (ppb)
ARfZ 500W MIP | ICPY
Cal 422673 12 0.16*® 5.2
CdI 228.802 74 6.0*® 1.0
Mgl 279.553 0.54 3.94% 0.10
Nal 588.995 0.32 1.347 10
Nal 589.592 0.66 1.847 23
Pt1I 203.646 Y] 19
Pt I 204.937 52 P

Microwave input power: 70 W, Plasmagasflow rate: 0.60//min,

Carrier gasflowrate: 0.40//min, Integrationtime: 10s

BRI AVF—-DBEWTEORBEENENE WHIEAIGEL LD, Chib,
~~®BHPT@®&£H@%A%ﬁ&ot%A Hege BB D 7 OV T 21T & B IR
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R D BT D MR ARG THE L HL D NB. BTN
A OBOTROSHCREBRIILETH L EEX LN,

T 5y AT b A E BN SRR DR K
 BWBREOEBACTT a7 bYATERWTREGRON e T 000 TT Y
a7 PRAFEHCEELS TG T O L5 88z #HE2,

LEBEALL)DEREOOWH»TE S,
2. —EDWEW pl F—FORELDLBLEL Lz,
S BEDOEEBEZ R WTHM TR ) T EHNTE B,

871 7Ty aT YA

99 vaT F AT TR, WA — Y OBRRE A YA S TRy FTH VSN
A= MIIEAL, K- M 10A OB AT L, R LY 2 - VETRE AL
Ly TIARICEATE, 79 v aT VYA F OB L™ 330 IR T,

BHGAE y v HVE— b
\ /
FTINTY T \ /
ISV A d W1

—= MIP ~

| 1
DC i (~ 50 A)
K330 79y a7 bwAH
M330n 5y WE— M5~ 20 u BREFEAL BRI, AEMEICLD
BHbah, 79XYHATHE T VT VIRBALTT S AP REASND, 7

UL W HHERE 2 R T T ARBAT BB, § VK — Lo
RO 4 BEETI R o
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LERTHBREERSED (¥#%: Dry: ~ 180 s, ~ 300 C)

9. 2o 3B b I 2 HLY B < (K4t: Ash: ~ 120 s, ~ 2000 C)

g wAlERE R EFET S (EFA1t: Atomize: ~ 30 s, ~ 2800 C)
4. o TR B L UM 2 LY Br < (Flash: Clean: 3s, ~ 3000 C)

2o & ) KHERESRE OWER IR AB OB R TH L KT T e HFEIETH
o ERED. ROWEREANRS P VOBER, KTk B A 2 DHEORINEZT T
CHIERATEI S LD TE D, KADF THE70, LWERRICbIZo TRV F
CARZ P VERNT Do $/2. N A 7 ulFHES 5 X< TH S 2450 MHz 0 4
S EBEKORILS Y KFChB D, 79 ATH KIS B LS DI E
RN R, BAEREORERI R T TS & L1k e 7275 L, RBEO#
?fﬁj?;{f*&i‘(ﬁ% L7cd VI NVE—-POBELAPRRL P ThHo 72720, TEICKTER
R ID B < 720 HOBAOTS VIREE CRR & AL % B AT % o 720 Na (D 588.995
om OWEH I 331 1R

A

Intensity

— F Ry L

Time

X 3-31 Na(I)588.995nm A% + b
Dry,Ash: 15 A-60s,Atom: 40 A-30s,
Microwave input power: 70 W, Plasmagasflowrate: 1.0//min,

Integrationtime: 1s,Sample: 1ppmNain0.02N HC1X 10 ul

 CEWEETE ot REETHEACTICS )T P4 FICHE L LS
B MUY AOREBRRE S Ak S o 1,
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75 v Y2 T PAYFEHWIERRABORLT NIV AT 5 %2R 332 1I2/RT

UHP Ar Microwave Sampling
Generator Oscilloscope Recorder
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Sample Atomizer oo =L '"‘-‘- Monochromator
? MIP Cauity ?
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Supply X-Y-Z Stage Scan Unit

332 79 v v a7 bAFRAVLERESORENGHGH Y AT A

BAEZEBWT, 7ax 70875 4B WEEa0Wmy AT

~f‘unt

2. MBEOIER
7?7?17F74W%mw#%%%%ﬁﬁﬁﬁﬁﬂ#6@%%XN?bWﬁ7
, VU TETR) B LB I0BOMBESNGE, 20T T Y2 ETHEELHV
ﬁkg%%ﬂ&o EEOY—2RELHCTH MY Y AORERZRD 2, fllE D
SRR 333 KR T
COWR L A OB T RIS % o 7,
—EOREIERETSF MYy AERRROR LESHENHRERD 72, HlE
REE 334 1R T

} \
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Sample density (ppm)

3-33 Na (I) 588.995 nm A&
Dry,Ash: 15 A-60s, Atom : 40 A-30 s,
Microwave input power : 70 W , Plasmagasflowrate: 1.0//min,

Integrationtime: 1s,Sample: 1ppmNain0.02N HC1X 10 ul

300
200 .

100

Emission intensity (arb. unit)

0 1 1 1 i 1
0 5 10 15 20 25

Sample volume (i)

X 3-8¢ + bV v ABFHEEOE L Na (1) 588.995 nm {5 556 B D Btk
Dry,Ash: 15A-120s,Atom : 40 A-30s,
Microwave input power : 70 W, Plasmagasflowrate: 1.0//min,

Integration time: 1s,Sample: 1ppmNain 0.02N HC1X 10 ul
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R OREMPT LESRES_REENICRE 2o, LD > T, &
“PPEETZ I O RERFROBEER T LIV LILR D, L IHD,
GOEFHRT E—HORETOHS Y I VE— bAOREIKE {22 2OWHFE
¢ D, PR o THEBENEL R b, Lo TAPR TIR—RIOHZE CHEH T
ERERAOER 10 E LT,

3. BRI ORHEER

S5y vaT FRAFERCLERSHSH T HRHET 2EEFTI Y IRTH
. BHEBR R - /BEOERREED IFEZHAVTRDE, CoBe. A
R L BEARNMIELTH B0, B ABRIIBREA 7T A TR 2ol
cDSADBERREIRELR), BEETEDLEN S, WL 2PDUERN LA D
TRHBEROE 7% o e MEHREEE 32 LR,

: Fy s VE— M CHTERICEEE S50, BMEOBEVHEREFLTS C
7@ﬁ@§f\@ﬁﬁéztﬁf%&#oto

i}

#£32 79 v Va7 bAFERACLFELDADATICE T HRLRA

T | MR | RS | BTUEE | BTUER | RHBRA
(nm) () 9 (A) (ng)
Ca(l) | 422673 | 839 2800 45 0.57
Cd(I) | 228802 | 3209 2000 40 0.24
Mg(l) | 279553 | 6488 2400 48 0.94
Na(I) | 588995 | 97.8 2400 40 0.15
- Na(l) | 589592 | 97.8 2400 40 0.31
| Pt() | 204937 | 1772 50 —

Dry, Ash: 15 A-100s,Atom: 30s,
Microwave input power: 70 W, Plasmagasflowrate: 1.0//min,
Integration time: 1s,Sample: 1ppm X 10 ul

Melting point of Ta: 2996 C
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38 55

75 v s EEERCCERET2ISE. B0 — s BmEL AV LHENIE L
CEBREOBEMEA VI LTS 2, BENERETHREVFEASNBE5EIC
BE—7EBEEHVWTHIZELOP 22V, EAMVRLITbNAGEICEEER
EEBVWDOFEKREL D, KEFFEETL I VI NVE—FORELAWERL P TH 5
720, MEOBEWANY AR EREVWE -2 2 R8T, BEANICEW ARY
MVHSHIE SRz, SO L) BEAE, BEESMICIELELS A, MBBRFICOZED
EbNb, LEdoT, 79y a7 b4 F & HOEERSHESITCIETRE
PEETARHEVPEL THLLEZ LND,

AFFEOBMBEBRFOWWETIE, WTFROTLEDHEICS 1 ppm OFEHAF 2 H W

e UL, R SNBFAOY - RBERIFF CKEVD, 3o CHERER

BAVAEZEDTARETH D, TI VIV TFNVOBE, EFHREOOLETEHNVT
EHRRZRKDL -0, BEOE - 27MmELRBBRATIERBICEEMBRLEY, L1

CH o Ty BIHECIL L THRIETE 2RFIGEVIREOEH AR L Hvriud, EEIC

B TEAMNBRREDL L b, MEBRFOEIRECMET2EE2 b5,

il

881 FED

20WRENMEE)THHEEAMOEZRBEAVTRETH ), 77X EHEE

C OHRLGE FICREICRERTLIEDT RS, F7IVEPIREESR MIP OREL 4T

oz,

RS FBMET 21042 0, SRTEETHEROABERE 2 Hv THEHFAOE

 REME R T o7z, TORE. KEEKAERME 2155 & & THIEHAO BRBRE

25~ 30 % BINT B T LA o7z HRFAEH EBEEOMR, FRELOH

Rk, ERICHHRR B ML,

BEL 7 MIP WBWTAR SRS 79 X< OFIEERE. HEREL L UCETFRE

EAFEA THE L. 7o, B LB TEES AT A4 LiRE i
Rk Yk, ZOfR, WRAKEEE 10mm HALZE BT AVEE. &
CTEECTRORAL R oo SR, SUREMMOZYMER L, £ T VRT K

PR T

| TEOH R EBROICHS DS DTH B, T, WHRBEEATAI ETT Y
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iR, BTEESVTNRORE R o7, IR 7 DEOBA 50 W Tid,
ié%%ﬁl%xm“uﬁ\ﬁﬁﬁﬁﬁmK«@Eﬁgﬂﬂn£4?7ﬂﬁ§%m
fﬁtwbﬁ%%%tocm%%%#?@ﬁf%fvnmmﬁﬁzwa&m:a
Cege. ANEKRELCLTH LTE KESH 2 WS EAHER S Wiz, BB 2EA L
s, TAVTURNBEORS KL T, BFBERY 2L R20T, S0
VAT BEER MIP T, SHEORE RERERBOT VT VI L 2N %
BT BEETIC L BRSBTS 5 & S 1,

G0 MIP TR 7T XA LT ) . REREI T B 70 1 HEETH - 7S WER
DEBEEEAY, 7U0XAT70-RATIAFEHANTUTLEV, WO DIRER
HRBEHT OV TED G 21T 0720 £ OFER. MEBOBERHEMIL 3 2 54 #7 L
EHBTEERERE L, o, BERBNI10B, YN=3 &Lzt X OBHERIE Na
: .22 ppb, Ca 12.0 ppb. Cd 7.4 ppb., Mg 0.54 ppb. Pt51.7ppb THH, T H V&
EPLBBARI TOTAL ppb A — Y OB R B,

 BTEEREOBAIT T v Y AT bR AFERC TR e T 0te 79
VAT bRAFTRMENICERRAROKG T 2B LTI EIL LD, K
DEBEARZ PNVORBE ST TICAEERITEY) LN TEL, R T7a—R %
TIAF LR LRBCD W TREREREREZ KD, 2OKE. BEKOER
S A ES BT LR R LI, $7: 1ppm. 10 W OREEF G L B, BB
EAE Na0.15ng, Ca057ng, Cd024ng, Mg094ng &) FER2T,

3.8.2. SERORE

(@) 79 X< % Z[R L 7- LR 4T

ZROHRBFTE T I A BRE L HE. BRSO HER B LT S 7
D, BAHOFERERENZOTETHN LD T AV, BT, 77 AR E
T5EBROMIE <A 7 aFEoORIUC & o T8k L, R B GEERE A~ 7
bE2, Lo T, BELET I AR EERBICANLFEL4TL D LEFDH 5,
 BEANHEAET LIRS, TIXAROFERIRTHEDLE LY, '

dme’n 1
mea’ §_; Ve (3.20)

@

e=1-
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w: BEAEERR ORI n: BT 0RE
e : FEM m,. BEFOHEE

v BT T AR OBT OEEREHTH Y.

L _2x10°mZ
R (3.21)
ng: A Ay OFEE Z: A A v OMmE

TH5zbNb, LML, COFEXZ2ROLI LD ICRTI AXDRE, BEISLE
CTHAEID, ERCHEZTI DB EFERS O RMOMMEN LEE 2L, I35
A EERBCONLERDAOFE, SLKRTIATDET) VI bEDBE
WREESSROBRETH b,

(o) BT MIP OF%

MIP BRI, 707 I 7 4 OBRBERCERESTAOA F YRICERFE S 1
TWaA, BHABOEEHSEAIMETH 2% 56, ICP & FBECRLET AT
AR LTORE S HHTED, L L, SRS FAMBORHE L0 HMETA
NENE LT EPRETH L -0, BEELA VF—DFWILE &SRB TR
TELRWLHEEOMESRIRBEINTVE, ThERBWRT L0, FHAT T -1
(L E=2 87 =% KREL LAV AEE MIP®Y 2| FIEHR T2 EFE H
WiEHAOT VT Y MIP ORS. %56 EAEE FARECERREOEZESE
ADTREZR A w7 5 MIP ORFEFLE TN 5,
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41, #EE

B EITLEDITHEM I PER L I COFEM. A4 BELEOSHTETET
AARICE2TETVE, BEINL DG TRRBEETE THARIFHMNTE 5
R ERb, TNTYFRERNBUES TSI AT (Inductively Coupled Plasma,
CP) W & B RS ML T (ICP-AES) L AVG L Twd,, ICP oW ik
1984 4E 1T Greenfield 5 Y, 1965 %12 Wendt 5 2 12 & o TR AICHE S, 1969 4
O Dickinson OIRE Y DRBRAMEFIHMONL LR Y, ZORABICERL
Tl BMATHWEREEBELS(RTEINTEY, AL, BEMEFERE. XKE. £
R, KA LA % BREA T BUBHC D W T RS B b SR B £ T O AT IOk &
LEBEEBITTCND, LB, TOICP TRTNT Y 75 AT 2T WD =,
TN Ty OREREIRE (Ar™; 1172 eV) & ) BOWEERLNDORIEMHRIME B 2. L7
BT, BEIAVE-OBWATS Y R EOEEBTED SREOR R E 2
RAEBT LB TE B o T,

SR L, ANY T ATS AT TIRHEREREE He™ O 2 V¥ — (19.81eV)
PEW2®, Penning 4 4 Vi L pEEME2E 2 5261, HEEWICRETH

ZORLHEZTH, DL RRINER CHETE 2, TMHOKRREANV VLT

AT BEFETN PO SN TE Y, Beenakker DR LIz~ A 7 uiiFE
- 79 X=*® (Microwave Induced Plasma, MIP) # fiwvw7-3 O s, kP
“HIFTwh, Tanabe 52 H, C. N, O, F, Cl, P, S, Br. I &ownT~Y
7AMIPDEEREREELTBY, INLOFEEBEBTRICOVWTHHEFBLTA
AV DEE ORI, RABCBR SN TwE, ~Y Y A MIP ORERE R
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:@%mKa7»jyhﬂP%TijKTKw&fﬁwoit\OHNyFw@%
R7 P VBORBLARREDS 130K TH Y, ETHES 49X10° cm® L2 %
Ve 2O KRERVETHEERECWCO P 2HLY, TVITYTIIXT
fmmﬁfé&w#§5i§®%w1%W¥—£&#%@%%%ﬁﬂf%5&&%«
Jy A MIP OKEZBBTHE, £ HH KAEANY 7 5 MIP TEAEO/AE
NHEBEENRIC T I AR EERT 20BN RETH), I XATDE
HHUNE O 2 DR OB EBEA DT E T, R QR T RS b
AT B IBEAEE S Yo TSI A HICHMAT BRAN L ENT VD ™,
it I ASDMEE CEM L TRET A0, KEEEEL. BN
HEERREBETHDY, 0L REEIL, A A MIP BEED L A K
TR E LTERTHICERE > Tz,

COBRAHTL D SLEBEBERSHELL T, TV TY ICP 2 v BRSHE
{Ar-ICP-MS) pEEH 2 £ D T3, ICP Z &5t Houk 5 12 & o T 1980
CECRESNTUR, ABICRE, YR LTS LONET, THEE L BSOS R
EENTV B, ICP-MS BETHENEL ) b &L IBENE V., BARRRES R
ORMESMETH D, TVIT U TIXRERANTW B 720, B0 & REROBRH
ENTY VRFHEHTACBBRETHMT 2 LETERZVL OO MBOIELALE
TOTEKDWTppt ~ ppg # —F ORIMRFZH/HZ &DTE S LML, 20
HESWECTERT VT VIER L PAC, PAr, YArH, *ArCt, *Ar0,
OArt Y SBOWEAF v HFE L, UK “Ca’, PCr, ¥Fe'. *Se” % LK
IO CTHELRERA AV EARy PV FBERI T L) HEEEL TRL,
LT, TTNTVEDREEONSWTEEDO TSI A R HRIE, FEA  UPER
BNTHLEDNEBBEBRTE LOTEBAA YR EEDANY VT HEIER &
NBo Tofwd, BF R MIP HHE S L, HESHT (N,-MIP-MS) (FIfE &
AT B, @R h b 8 SRERBOAEVAY Y ADT T A EFVRIER
EN7FW$%@éEKﬁﬁéﬂ%o

O IDEY) AERIT LY, BASKSI. BESW OWE L & REHEARIC SR E
ENY YA TS AT FEOMBIRCEE ATV D, LhL, AYTAEAVD L,
{ﬁ%@%@gmuxﬂka%zenfwaF—%v%ﬁ@7ﬁfvm%&&fél
HEEETH o7,
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.~y w A ICP i 1985 %12 Chan & ™10 & 5 BAID B LK, W < 22 OB A
RO FRE ATV AN, EHREOEEHBEAGEE TS, $, F-F v
f%ﬁmauvA77ivw£%&&&ﬁ&u%e#uénfw&wo

AFETR TSI AT ADOERRFICEH L, < OERKTEEEE RS LA
gy A ICPAM—F%28EL 2, £OER, BHEAREARCOEERZ F-F+ Y
RN T LTI AREERT A LTS, EHCHABLAY YA ICP & B
T BT EWTER, ABETI TP, KIERENE 2 75 BAGE o W HLRIE
LSV AY YA ICP = FOEEIIOWTBRRE, FLT, 7452 MK
S ARBEVR—F YRS I AV OREERENHERT T, ERENLT
5 AT OEESEEIE 0K REER L. ~Y YA ICP OLRBESHBICOwTE
BT o

42 7T ICP

 BMEA TS A7 (CP) TH. F—FOABIC3~45— Y OASROFY T 4
CVEREL., SEEERART IR Lo TF—FARCFEER2RAEIE, &
R LTSI AYEREBHT S, 7T ICP 0K F ¥ 41 1R,

B 41 7T ICP HERgR
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421, TITLICP F h—F 42D
BEAVOATNETVTY ICP AL —F 5@ 42, M43 R Te b —FRE
AT ABOEEEMEL ko TEY . TRTROMICT b Ty #R & HTo S
POEIAEIT R, BEIF A, %407 HREFENT NG, BHIF R L HHH
B ENTROARE OERITAPLEA SN THE AR N, REST BT
5o

42 7VIT/ICPHLN—F

M43 7VITVICPHN—F

() EHF R  ZEBEREN-TORNUWEFENLL X T, AloFFEF—-F %
BHTBONELEWNTHLEVLPRT WS, 75 XvH b —FRECHEMTZ & b
OB, BFRESEIBLDTTIATE N —FOHOBMED-DIZ b —FHIK
QRN MO ERSRK 25252 b o Th—F 2 REL T WD, $7/2, <O
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BERIETIARERNICE YT 38, 77 XAY0HERI, EELOBEDELTW
LEERONTWDS, WHIFADS ) —D0EELKEIZ, 75 X< LAE
DEBNRTHD Do DD, 77 ARHNDERKDBAE T A VE 20 mm LD
G838 TERREECHIN TV 2, FEHFTAFRELS+5LEEITIE, EEA~RS b
VOB LNy 2 7T FARZ MV ERY, BFRA 4 ¥ ORNEOBIE I
HEERDBD, WEPP LGSR ERDREIRZE TRV EDICERNETI A<
AIBAL, Z0#FENO, OH, NH, N," 2 X DHTF Y FIC & 5K 25552
BRI ND, COTFNYFRAEIARZ PVEDONR IS FERD, %
FHOFEREL B,

OYFRIFTR T3 X2 b —F EHEI»LLLEPE, P —FOBBKEHCHE &
EHRELTWS, 7z, BEREKEERPABEELEBEY 7254101k, F—F
OFELED EIICEERREIMIE L THET VE L 204 CRH 2H o,

@ FFVTHRA BHOLT O I NE TSI ATHNICESE, BATL-DDOHFRT
bho XY VT HARREEOEAIEL 79 A DRFEAICHEL, 20&E. &
W OKERCHIE IR ORE WEELH, |

422 TILTLICP O K—F UigE"™ :

ThWITYICP 77 AR DERKOFHIZ, " F—F V& LT s8EL o
ETH B, ICP TRBELESFRETHVT VL 2DICF —F Y IROB BRI &
Nod, CNRXEERABEOERMSRICLZ2ENDTHY) WOMHz DT VT Y 7I X2 Tt
FHEIEE 1.5 mm ), BAEREBROBRFEN 77 AvHREMFETRAE LD,
TIOAXATEHMPODESE LSBT 5720 TH b, LizdoT, 73X E
M — T {, BESLCEEN PO TEL, BIBTEL2b, 79A7% L
CPLEHT A e, HEK Lo THRUMBOEEIE W F—F Vg2 HREATL L
CBTER, TVITVICP O F—F vk R TRHRBEOEMSAEH44 i, B
THEEOZMSM 1 45 R T
ICP O F—FvHER, BRABD 7S Avh~DEAHNRELEL T5%E 23
RLTWwh, BASNAERES TS X< ORI EEY . A DHHF R~ DA
ABNDBID, FADHIPEESHI IR LS 2o TWa,
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~
w

(S N W T U U T TS T V0 U 0 N0 S 0 G 0 S S B Y 5 6 SO W

tS]

Height Above Lood Coil {mm)
[ vy

i

o

[ NS U T W ST N U N O U
? 6.3 0 3 6 9
Radial Coordinate {mm)

S 44 FIRRIE O ZEEAA (847 K)

Height above the Load Coil {mm)

Distance from the Central Axis (Yl (mm)

B 45 BTHEDEMHA

RFinputpower: 1.1k W, Crriergasflowrate: 1.0//min

_84-



48 NI LICP A b—FDORME

EROTNIVICPH—FE2HWTERLZTNVI 77X 2K 4612, ~
AT X EM4ATIRT,

FVITVICPH M F2HWTANVILATS A 2EETAHE, TIXATE -
FOREEICRE> THREL, R TREL T IXT 2 BEI ENTE Lol &
LT, BHFTADEREI/NE VD, TIXIZEITLTWBE F—FIEBE N
TR e olze TNHLDFERLIN, NVVATIFIATDERIT NI ICPH P —
FrHAVEEE, TIXTORENNE L —FOBHZIT) L ORLELIATV S
CERIERBREEL T inwZ RIS 5,

M46 7TVITVICPHMNFEZ2HOTER LT VI TS5 X<

RFinput power: 700 W, RF frequency : 40 MHz, Ar flow rate: 20//min
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47 7VIVICPHM—FZHWTERLIZAN) AT T XY

RFinput power: 700 W,RF frequency: 40 MHz, Heflowrate: 20//min

3{,@1 KIEEEFE £ AUV RS RO AR EE

e

ICP }—FHOBASTOBEFEID 72000, KIEBHES Hv TEROTH

AT, FEREISRTEE & M L 72 KAEE

BRREDEE % 4-8 IR T,

HV Pulse
Generator

Sparks

e[
Flow ——
—

/

\ Electrode

X 4-8 XAEBERE O B
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Mo L) AL WRRPCEBRCEET 5. 7. SEEOERICERR (10
s R DRENSNVAENA S &, BREOREERBICKESEL, 14 /8 h
S EARDEBDP LA TED, RBRIAPER R > TBH T2, 204+ VH5%
FLTWA 01~ 1 ms BEOMICEARBELED OV AT S INE MEEOA 4 4L 5
ATEX L. RMOERIHE o KBTIV B S ND, COBFZEERL CCD #
XS BETRETE, MMEFIOMES, b AR OEREEROD I LHTE B,

 EROTHALI S X E R FEA S T A5 £ AUb T H T AT
EHFERTWSH L LT, |

(DEBEACAHD AN THETELDT, e 3w,

QFALTAVERBICH LN TELOT, MEL*EEMNICRAETES, ¥
7o, FEEBEWRNAOFAL TR TH %,

(&) MEB F ORI IE DT, BEICHEHEZLEL L v,

@KLY BLEREEEL T4 L, TR EOBHESKHICOFIHATE 5,

C REPRRT LN, T, KIEBENEORS E LTI,

AT VDOEE R LI L > TRIERICOTAEELD C Edd b, o, BEEIE
CTHRAKIERICODTHREEL R TV,

QEEEDHOLPLOEZELTBLLENED D,

@ KERIZ S A LTA VDO BERTOTEBRFWOFTNRBETE T, FHEPH
RERD B 72D EA NV —FEZ OBOTRILE & DMAEGLEILET
H5b,

L kEhH D,

- ICP DREES VO HEIC A W EREE VBB EN 49 1, KIEIBHED
BERIG10CRT 0 b - F OO B ROBENBEEREL, +—T O
PR T OV R B U CHB TR L Lo, EBREE QS % K 411 R T
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wE 7 B

X 4-9 ICP feERMEEREEE O

vortex flow  Anode Cathode

Xl 4-11 ICP Felbl R it HEE fll &
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432, PTLICP B F—FORERSRRE
HEEEMB LY 9mm & L, EFRERE 20kV OBE/NIVZ % 0.4 ms HE Tl
2 IRV 7 AATERWTHKIY v v 8 —CHR L7z, BRIEEOFAZN 4121

e

(a) 7N I fERIEGT (b) NV v AREEIR G
B 4-12 KAEBHEEZBWZT7 ATy ICP B F — 7 o EOS e H 4]

e = ICPH N FO75 AERHICB 2 ERNRFEE2AEL -, HEk
B2 H413KRT. BB, FI 7 OMEMIZAH T A DOFRE, SEIISVE L —F R
HI=BITAWHETH S,

25
20 t
15

10

Vortex flow velocity (m/s)

Plasma gas flow late (//min)

X 413 7NV ICP H b —F I BT % el it EEE
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IV ICPAM—FTRAY Y ADERSRKIZIZLE AEREL BV EHHEDR
NTze N YA OBVRHERE (118X 107 m?/s) 1 7V IV DB MR (1.34X
P m?fs) L D B8 BEREV, EIMMAEIKREVERFIETETOEE L ZITRTL
Do LIz T ANV ARG M- FREOEE* £ %), BHRARIBEES L
 HRORRC R o b DEEL BN D,

3.3 BEESRBILEAY 9 L ICP A h—F 52
75 A HEREIIIA) T AORATTERE LSS 72D, FrLWwAY YA ICP H
- FTCREROTIVIVICPH P —FICHRTER

(1) FAARRODEZ/NEL LTHERERHEOMEELRELTS
() HARBOADMNEZ 79 A RERIEST TEENSROBREE /NI LT3

;gggﬁotoégm\muvAm7ij;b%HEWE%Eﬁﬁwtb\P—
z?ﬁ@i?ivtb—%@%@ﬁﬁﬁbtﬁ%ﬁ34W@ﬁfﬁ%#%ib?Two
ggﬁ\muvA@mﬁﬁﬁﬁﬁéwmf\?»jymm&fkﬁﬁ@lL¢T<&
be BTT, ThbOMEERRT B0

L @ TIAVERHO - FEE TS

EEE o 72,

 DEozEEFe, BMELEAY YA ICP A b —F 2414 B & O 415 1R
5?°7WijP%F~%®3§%%%KﬁLT\«uvAmT%b—%mzﬁ
{ﬁﬁﬁﬁ\ﬁ%ﬁxmﬁmL&wo7wjymm®@ﬂﬁxuﬁmﬁajafvﬁ
AL A S B F Y Y X AR EA VB,
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o0 <@
v O

o BL®]
.- O

<
414 Ny LNICPH M—F

K415 N7 AICPH—F
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5.4, N LICP A b — F ORISR ARRIE™
4.32. DT NI ICP A b — F L RO FEETREIGREDOHE % 7o 72, Bl

r )% B 416 ISR T,

b

o 4-16 KIEBHEZHWIAY 7 A ICP B F —F olERIEREEE (AN 7 h)

R EEOREE RN 41TIRT, 8, #HEiz7 VI ICPH M T
CERBHTARER, AYYAICPHEF-F TR TSI X ﬁ'xzﬁf,ffs%:%iﬂ,fm%o

25

20

15

10

Vortex flow velocity (m/s)

Plasma gas flow late (//min)

K417 ~Y v AICPH F—F BT 5 EERETTEE
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EHRBEORE. NYTAICPH —F Tk, 7VITYICPRF—FCB1 27
LTV ERRABIEONY v ARERNHEL SO NS & L IHR S NI,

4 AUY LTS I OERER
- EEEERANSCL, F—F7YBROTIACHFER LR T {5720, BEAKD
 EEBIX T VTV ICP TRCER SR T 27.12 MHz £ ) # V> 40.68 MHz %

-

41 AUTLICP ®E

 ERBERICE RSN 5 LW, RIEE K 13 ~ 41 MHz ORERFRS (% —
- VIZERP-50000) 2 v/, 7o, FEIAA VR4S - (AE25.0mm) D 18
A VTN TEOKG AL VER W, BEOHNA Y E-F A5 QL AHFH O
A VE—F Y ADESGEMBOIAC 2ESHEE., a4 VEEFNERS L
| UEEZET Y7V (13 ~ 120 pF) & &S ICHFICEE S N EER T VT VY
igmwsmpmt@%tﬁsv&:y?y%$mmﬂﬁaﬁﬁén%o&ﬁx%gﬁ
C BRFEDAREEARY -V PRy 2 A @BLUOT NV IBYRNREE ST TWa, ~
UYL ICPEBOMRER 4181, 7T A A REERER 41910, 7T A&
| RHABIEE 420 10, A v A ICP BESBIE R 421 R

= ) 0

=R EEIRS _
B 70T bl Vs Vs

40.68MHz, 50 0 REARAY Ty

-

i

]

]

i

]

1 13 ~ 120 pF 1

i 1 -
[O— @

; -

i

i

1]

1

i

]

]

T
= A ngmgaryoy

30 ~ 530 pF

¥ ¥AR

;J; I SealedBox

X 418 ~ 1 v & ICP EHEREK
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Plasma ——

o
Load coil ————o
o
o

000

Plasma gas =——#=

Carrier gas

M 4-19 75 X~ 4 pEHERE X

X 420 79 X< HEBER
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X421 ~1) 7 b ICP EE

AN ADBHELET VT Y L) b B, REEEEEE7 VT LY bIE
Ve Lo T ANY T ATIATRIAANEDREROKEAICL ), FEa )
'@%Emwﬁwf%iﬁaﬁmﬁﬁwo?ijmPéﬁﬂéﬁét\if@é%
 EHOVSROKEIES D, 79X REBAICIEC S, €OBANEN 28 L
ERLBIETIXATDESL LI EIEY, FEEEHOMBIBITT 505,
YA ICP BV TRBEEAMOME L ) b FEESHOKE OB H ¢
NI ATITARIEIANVEDERBOREEITL), FEHIAVOBEMICBNT
| BETBEMIRG, Lo T, AR END T X7 OBREHEL D A Vo
 KEBESn 2, I VO EEEEEN. TEEERME LLBE. 79 A7idag
i»iﬁfgib\%@ii75Xvﬁzmmwof779—7D~77Xv%%&
TR L DL NS THOBER > THET 5 b 0L, 20T
AR DIEAE U VOB S e, S BRI, TESE R L LR,
TR B L, R b ML 7, |
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AT LTS XY DOREERSEHY

DT NVT Y ICP TRT AT A VRRERLR LI Lo TFHERLTV. 7
v AT EE B, AR TEMEL LAY Y A ICP TlEABE T % 400 W L
il A VEST VAR Y F U TET) EHBBNK T AFER I D, B
1500 W B E, 79 X< A AWE 3 Y/min LEOEBGCRER T I X< % £
Lo EWTE FY VYK ABLEOEA, b—FOF.LEEICT7 4T 22}
CROMIAANY T LT T AIPEREND, ST XY H ADFEDH 16 I/min DLk
Ba, FXY VYT AOFEEKRELTEE, 79 XD REF—F VERICE
Utre BI4221T7 4 FAY MERBLOT F—FYHROANY T ATT XATHRE
ERTE BEREHOHEBERT -

2.0

15 F

unstable

1.0

05 -

Carrier gas flow rate (/min)

O i i
12 14 16 18 20 22

Plasma gas flow rate ({/min)

B 422 ~NY Y ATS X< DEEERSEH

COBREALIE. B ¥ U Y AR & o UL BEEATT AT, duiE
LS EBO TS A< DBEEEEN T b0, BERERE 79 AT 0K
HEMLOFEBUANERBIT LACEZRLTWVEEEZ bND, TIATH A
B oRA. F—F YK I X IEET 5% v ) Y AER R
L DBINE LSS ot T, FEBADBITERTHECTH D, 1,
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RSN E VIS BOOW), 79 X HTAGEEREL TS E 75 X< ik Ik
AHPOAEREE R ), F=F VBRI AVZERI N e otz TTIATH X

i,

BN 13 Vmin BT T, +4 2 REAKIEO 2w z), M KELTH
REBRTITIARBBONLE Do/, Lo T, 434. HOERLID, 745 2V M E
FAREHERTE B 77 A H ADERISIHORBEE IS 45m/s, F—Fv
T ATEERTELRERE XN 55m/s THDH I EPRENE, COMER
BRMEROTVIVICPHI—FTR7I AT HAHES 30/min 2L T
NV, Fx )V YHARE LI SEAY Y A ICP DEHE% X423 1R




(¢c) Plasma gas flow rate : 19 /min, Carrier gas flow rate : 0.6 //min
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(e) Plasma gas flow rate: 19 [/min, Carrier gas flow rate : 1.2 [/min
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(f) Plasma gas flow rate : 19 l/min, Carrier gas flow rate : 1.5 /min

4-23 N 7 A ICP
RFinput power: T00' W

LAY Y AICPH M—F2Hv5 &, GEFED B % 13.56 MHz, 27.12
Mz L LB, b L RFEaA VO -2 3Fy—V, 57— LIEE

LS EIREHEOAN) DA TS AT ERTAIENTER, TNIE, BELRANY Y
ATT X DERICIEIMT 5 BREAL DD P —F ORI ERELRZREH 2 R/-L T

WHZ EERLTWVWS,
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TS XTHRFBITEL X T I
M4-24 CRTHOHREY AT A EFACTHER LAY T AT 5 X< DR %
Gl LTze 77 X WENFFRONBIZ 142512, 508 S L EFTLER0NE
¥ 4-26 1SR .

RF
Generator . MpMer and
% Helium ICP Optical Chopper Recording System
Impedance Pin Hole Optical Fiber é?
Matching System PMT
Monochromator
RF power ; @
Plasma gas ———p-eiJ X-Y-Z Stage %
Scan Unit
1?
Sampling

System Carrier gas

M 424 79 X<HHHEY AT AR

495 75 A< PIENRFER
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X 4-26 506858 & UESULERA

HERSEEI ANV E 5 mm ODICONT b~ FHEH» HFTo 720 BITZHE D
SIREEREA D, ESHEH 100mm DL Y X2 EFOBMICEE LY k=)
£) 7 BREEAERE I e 7T XTH S ORI A TT A B NT 5 v RS
AR, NV FNVBRISG 7 s A NI R, GHEAY v P RECERI NS, ERS
BUERITI D, KT 7 ANETONFERIIXYZ R 7~V LICHEBL L 72, 0088
i SE BT B, 4B SUBEBE 500 mm. RS FFAE 0.0270 nm @ Czerny-Turner #Y
7% ® (Grating : 1800 grooves/mm, 250 nm) * /2, BETFHEEE ERR =
7 ARI28) b DEFIZT v 7 A 7 ¥ 7 (NF Electric. Inst., 5600A) % v T

1Bl xt LT —# (Yokogawa, LRA200) TEL4EL 720 WHMRAEHCEA VY 7 4 D
1000 ppm BEUFR G54 HIZHEE R K T 100 ppm KHARL7- b0 H Wi, &
DEWELHL T VT ICP 12 & 2B OSATIC— IR ST b e
D222 FA4 v I AT IAYEHNT XY )Y HRA He) PRELL, 7T XTI
WA L7 Fv VY TRAOHBE - - EHAHEABOELZHCo, AR
ERYRF VY ST R E Ll EHEEREA Y 2 7 4 % [ 427 KR T o
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o

427 FERIA T3 AF 2 HW-EHAEEA S A7 A

;a&%ﬁﬁ%ﬁiv%ﬁ

461 AL ARG P

B L7z~ 7 875 X<iDwT, 300 nm ~ 750 nm § % H b END L TH
| CORKANS PV EBE L. REE A LR VAR Ny b LR 428 12,
7T BE FA) BAREDARY PV ER 42 R T, REEFEAL VA,
RN THERTPLBALZEELZ NS OH, NH, N, D)X ¥ FARZ bV
jﬁ\ﬂﬁ%ﬁfuimmuWA@E%ﬁﬁimﬁﬁémiat%i%n%@ﬁ%ﬁ
E%Méntojﬁyﬁﬁﬂﬁkﬁuu\AUWA®%%%Eﬁﬁ¢L\K§®E?
REOH DY FANRY PVORRENBMUL 2o £720 F MY v A OFLHEIH &
Mz ULy SHESEOMEERIEE A ETLL Ao 7o

&
-
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1.9°90L (1) °H

§18'293 (D °H =
$88'959 '£22'959 °H

7299°L89 (Dol

895°105 (1)*H TeT a6y (V90

EET98Y IH |.||.w N
PIETLY (DSH

8YTLYY (1)3H . 3
£6L°88Y (1) .ﬂSo.vmim

619°20F (1) °H

o

698'88¢ (1) °H

00'98e HN

HO

3000 —
2000 I

(31un "qae) £31SUSIUL UOISSTIS]

P

ELVOSE Mo [~

1000 Hi
0

700

400

300

Wave length (nm)
X 428 ~NY 7 AICP OEHANY RV

RFinput power: 700 W, Plasmagasflowrate: 19//min

§18°299 (1)°H

TL§°90L (1) °H

$82'959 ‘€LT9S9 P H

13pI0PUZHO

]

269'689 ‘$66'889 (1) 9N

iapro'pug HO

28'89S (DN

895'10¢ (1) °H

£61°26¥ (1) °H

EET'98p ¢H

PICTILY (1) o
SPEBEY () BN YIeLYy (1) o1
Ly0'vEr Ay J
LU0TF (D H -
LooLee (D E __ SLyee (nop 819 E0F (Dol N]

59888¢ (1) *H

N

HN

Ho

{

L

g

(31um "g1e) £3ISU93Ul UOISSTIE

I
500

T
400

300

Wave length (nm)

YO RBEARRONY T A ICP DREHBARS LIV

RFinput power : 700 W, Plasma gasflowrate: 19//min, Carriergasflowrate: 0.6 //min

"7

7

X 4-29
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16.2. IREBRBHORSH

41 TRNRZZE T, WEROT VTV ICP 2HWIRBAT S ik s
ﬁ%@ﬂﬁﬁﬁ@%%uﬁtaaﬁwéh&wtb\ﬁ%@%wﬁﬁu@%féo
fro TIRARHALANN) Y AEHWRIE, BT A VF—DBEWEREIREDA Y
AL o TNOY VTR EVEMT TR SN S 20, THERTHVREE S
HAlSND ETFHTE S,

- BMELAY T A ICP # v THERBE R ORI 2172 720 BT 1IN
RS ERE MK CRBL 72 b 0 & Ve B0 BEAME S KD 70
;K\%VUVﬁXﬁE%N9}~9tLTmGW%w%nm%%ﬁgmlﬁ%ﬂﬁ'
R L. AR 430 1R

600 r

Carrier gas flow rate ({/min)

500 |
400 F
300 F

200

Emission intensity (arb. unit)

100 F

500 600 700 800 900
RF input power (W)

X 4-30 C1(I)725.665 nm FNEHE D A S BIEGEM

74T AV MRT I AT TRANICHE o TRATRES I L7zds, F—FvH 7
TAITIE800W THRAMEL & o 7z BIELFTo RANBHOEHHE I, F v VU Y
HAY# 0.6 /min, AJES 900 W D BMEME ThH o 720 & DEMEHVCHEE
B FERSATEAT 2720 01N DERRE AV LPEORIA <2 b VUES % B
4LBLITTRT
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T

3000

C1 (1) 725.665 nm

2000

T

— He (I) 728.135 nm

1000 |-
:/‘M/\\/\/J AN

722 724 726 728 730 732
Wave length (nm)

Emission intensity (arb. unit)
T

X 4-31 CI(I) 725665 nm A RS bV

RFinputpower: 900 W ,Plasmagasflowrate: 19//min, Carriergasflowrate: 0.6 //min

He (1) 728.135nm & B L T, Cl Q) 725.665 nm 13 4 fEOFEBE 2R L 770
EERM 108, SN=3 L LA 0MREEA T 10.8 ppm Th o 720 EEKDOT NV

T ICP I2 & B BRS I 820 ppm Th % 7209, # 16 BN KB N E LNz, &
CMEZEY, AT YL ICP OERUDSHEI D b Tz,

463, AL LRSI
AR ERG A= E LIV ARFE Ca(D) 42267 nm BLUA VB
Ca(I1)303.37 nm FHMEE D % v ) ¥ # A G BRGNS [ 432 1R T o

FXVVY AR E & D ICREFHOFMBEIZIINL 7225, 4 VORI
R L. SR, S OBBMIE FEIA VL 5 mm) TRA A AL HH %
EREM AR, TV ARWE AR LTV S, E75. % % YUY #ARE 1.0 Ymin B
LB BFRORBGEFEO LM 7T A<D T 4 T2 MERPS F—
FYHRANDEAL EAE L TV B,
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300

200 Yy 2 Ca®

100

Emission intensity (arb. unit)

0 0.5 1.0 1.5

Carrier gas flow rate (//min)

X 4-32 Ca BIGHRED ¥ v ) ¥ H A EEREH

Plasmagasflowrate: 19//min

4.6.4. TS X<BE

BT ORRRBES L UOF A0 MEGRRE % FAIERTF AR F VORBRELZH v
H2FEI L o THIE L7ze ~NY 7 ARPEEIREE OB 121X 447.15 nm B & T 501.57
Cnm DAY Y LEFRE T AORERIRE I 307.30 nm B £ U 307.44 nm @ OH
MERART PV EBAWE, Fx YT HTRFEE/NT 2 —5 & L7 He (I) 447.15nm
DIESTREB L UNY v A OFJEBED AN EIERFEZ K 433, B 434 IZRT,
A F Y ) YTRATREZ /I35 A —% & L7 OH 307.30 nm OFEHEIEE S L U OH
O BISRIREE O ATV E R EE K 435, K 4-36 ISR T o
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300 [ -
2 250 F
5
B 200 [
2 ;
g 150 |
E Carrier gas flow rate (//min)
= L.
§ 100 T
‘g f .
2 2F 9 09
03— 06

500 600 700 800 900
RF input power (W)

X 4-33 He (1) 447.15 nm IR 0 A D E RS

Plasmagasflowrate: 19!/min

Excitation temperature (K)

4400
. Carrier gas flow rate (//min)
4200 = MA 0-0
4000 | e 15
, — 0.3
3800 - -2 (0.9
3600 - ; 1.2
11 0.6
3400 -
3200 -
3000 -
2800 \ 1 1 L i 1

500 600 700 800 900
RF input power (W)

B 4-34 ~NY v ARHEIREE D A E R

Plasmagasflowrate: 19//min
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100
I Carrier gas flow rate ({/min)
) [ P 0.6
§ 8o} ’
rQ. 5
C
» 60F
= i
o .
L !
g 40
= [
£ !
@ !
H 20
= !
0 i

500 600 700 800 900
RF input power (W)

4-35 OH 307.30 nm FILIEE D AT E A

Plasmagasflowrate: 19//min

2700
Carrier gas flow rate (//min)
2500 -
2300 +

2100

1900

Rotational temperature (X)

1700

1500 I3 i H X i
500 600 700 800 900

RF input power (W)

X 4-36 OH [IFRiREE D AT EIEGEH

Plasmagasflowrate: 19//min
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. M Tanabe 512 & 3 7V o Y ICP ORIER £ 2 (BRI 7000 K, Ei#EiR
3000 K) & D& <. Ishii 512 & 2~ 9 A ICP ORIEREE™ (BHERE: 3600 K.
| IFREE: 2300 K) LB UAE & % oo ADEHOBINICH LT BikinEE, |
 GBEE LW ERT B, LA L. v v AR ORI L T SR I
T he CHIRAIERAT o b —FORLEEFEREL S ¥ Y Y HRIT Lo THH
ARBRBDTHBLEXLND, LAL, BREERT 1T 2 Y MBRAL F—F
UTRAD 75 AT RBOBACIINET B EFX b N, EIRRE L &Rk - 724
AFCARLNRI, S5, BRIRERERREL D b 100K ~ 2000K A X il
AL, ThLDFERRE, AWFEDOANY v A ICP TET7 VT ICP LKL,
- APTHE T (Local Thermodynamic Equilibrium, LTE) 258 L TWZ W & %
RLTW 2,

.65, ETEE

| BTEEERKROBROANRY P VROESY 2 THE L 72, ETHEL H,
RDARY b VIEDTH) ORIFRICIZEE 28R Lz Vidal b OFMEEE v ze F v
U HRAEE T X — 5 £ Ui Hy RS & BT EREO AN B
CENENE 437, H438 1R T.

Carrier gas flow rate (/min)
?é 150 | P 0.6
!
L]
& .
_4;’ 100 |
g =
3
5 i
o .
8 50 |
.3 ]
§ !
m .
0

500 600 700 800 900
RF input power (W)

[ 4-37 H, #FEIEHERE D AT E KA

Plasmagasflowrate: 19//min
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‘f’; [ Carrier gas flow rate (//min)
30 0.75 1.5
=

< , 1.2
>) b

g 0.70 | » 09
3 o 0.6
3 4 0.3
E : '
éﬁ 0.65 "

o}

=

B 0.60 : : ! ' '

500 600 700 800 900
RF input power (W)
B 438 ETHIED AN I

Plasmagasflowrate: 19//min

HI%E {1 Tanabe 512 & % 7 VT VICP OFELE R (5.0X10% em™®) D& 1770
&<, Ishii 512 &2~ 7 AICP OfIE™ (4.2X10%cm™®) £ ) RREWEL % 5
> LTE RE % RE L 72354, REOHIN L CTETHE S BEINE AT L 2w,
NENOBIM LTRTI ATEE, BTEELOICKE ko7, LAL,
Y YV H AFEOBINCH L TR 79I ARBERRE (ko725 BTFFERR
Lo T/, M4-32KBWT, FX VYA XDWEINC L7228 TA 4 Vg
HFBRORNEEHIIEML 7225, LTEREZEZEX 2L, CARRENKTERT
Kb, LoT, TOTIARTRIv VY FAFWELENEED &, LTE RIE
EFNTWLEERTHAIEDNTEL, CORERDAHTRREEL2F ) ¥
KEBBHHRICLDIDTHEEELLND, 7IVITVICP Tit, 0L
CHEELBHBREIROAZV, TRk, TVITYICP DAY 7 AICP Y
TEFEEIFENCEIERTHEEEL OGNS, LD o T, BHRABOEA
RBEZZ T WAYI AT IATRERT DI, BHIER L2 E
TEDWINPSHBOFEE L b, BEIMEO2D T, P —FOGH K ELHEE
e, Cokd, TIAIHAKLEEHOBIR, Kl EABEHKE
BB BT A VOBRCBEOUR, & EERHEPTH .

-111-




5 T3 ATBREDEERH
4715 nm B &£ U 50157 nm DAY 7 A RGIRESA S RdD =AY v ARREIE
2ol 7 M 4-39 IR T,

Carrier gas flow rate ({/min)

4000

3500

3000

2500

2000 |

Excitation temperature (K)

T

1500

1000 r 'Y 2 'Y 2 | Z i 2 A I 1 3 .’ & A A I r) A
0 5 10 15 20

Radial position (mm)

439 b —FREHFMEMDNY Y AGRREDSA |
RFinput power: 700 W, Plasmagasflowrate: 19//min

R )Y A AR TS ¢ B L BRRERE S GRS A b, KA 25
i”%ﬁ«t%ﬁbtoTWjVKTTﬁmEﬁE%%%@Et@%KF”%Vﬁ@
f THE R T, L L, ANY YA ICP Tk F—+YEROBEEESMAITEN SN,
%@oto;nm‘ﬁ%@?»ﬁVIm?bmﬁbf«uvAImr@umﬁﬁﬁﬁﬁ
L BFEEWNS WEDICERGEEME ) REEFKRELL L o2 &
b OTHBEEA LN,

RSN EED b - FRORR, F KR & B R 20 BB ICH L
CBAKE CHBERIRTLEAOND, Ry )Y HAGEENT A— 5 L LT,
OH ERIREE ORI RIIE £ 1T o 7o BIEAERE I 440 1R T
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2600

Carrier gas flow rate (I/min)

0.6

T

2400

]

2200

1

2000

1

1800

i

1600

Rotational temperature (K)

1400

1200 . 'y 5 & 1 & I 2. 2 L A A o 1 A A 3 2
0 5 10 15 20

Radial position (mm)

K440 b— 742 MO OH [BIERIRBE DA
RFinput power: 700 W ,Plasmagasflowrate: 19//min

L XY UNAARREHNEES & OH BIBMEESM X 1 D0 — 2 25057
R b ¥ = g DI o 1B OSANC B L 225, BORIREE &R, SOEO T
HD2oDY-s BWHEbNED 0Tz, Fh. b—FEMET OREET bE <
. EISEIREE I BAIREE B L T R L TR & T o 7r e SR, [EIERIREE 1
| ARBECHIET B 720, SABRIBEEEDE A Y AL > TH—EE R
R TWVWEDTHIEEZLONS, WTFNOERD 75 X<l BT, FLLENE
CRERT S5 A 0 EIW TR AR & EEREOEINE 5D, BEES
CABHY TR I XY QD TR WATEHICEVIREE IS o TV B EER D
l%ﬁﬁ%éoL#L\77%v@@ﬂ%f@ﬁ&ﬁﬁﬁk%&@m%éofwét
D, L ERCORTRECHB LRV ALV EEL bRD,

- RRABANENRTIA-FELT, 74 FAYMERT AL F—-F YBKRTF
A= onT, OH R 0ZMAMHE LT o 70 MEHEE N 441 BLUH
A2 IR,
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Radial position (mm)

441 745X VER TS XAvD b —F2EFH MO OH QERESH

Plasmagasflowrate: 13//min,Carriergasflowrate: 0.6 //min
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é 2000 |
§ 1800 f
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£ 1600 |
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£ 1400 |
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1200
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Radial position (mm)

442 F—FVERKRTI X~<D b —FLFH MmO OH RIERIRE DA

Plasmagasflowrate: 19//min, Carriergasflowrate: 1.5//min
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| LFROBROT I X B VT AT LA o TEERER LS L7, 5
I ROBERR S N o 7o BEN I ADRMIEK 180K DT, ZORES
CEWRBEORARAANE 74 AV MERT S A OGEICIEH 1L3kW, F—F
SR T T AR DGE TR I2KkWRETH S LR ENL, COFRIEHRICE
GEBRANEREZ-ET B, P—FORLEETT VTV ICP LRIBOARIRE T
CHHE 300K EBL DI, 74T AV MERTIATDBEICE 14 ~
GEW. F—F YRR A7 0BACRE AU EDANILEC RS, L)t
v, BHERBOSHANLES LR AF VL LTORMA%E 2 7254 12133 100
T OEHRIMEPLE LR ), Z020RERREOESRIALKETEHNE 2 L,
- FORERPLEE D,

67 BFBEOEESH
 RX VT HAMEENT A5 E LT, BFREOEMSBUEET o 720 W&
| EREE 443 1R

o 0757
'a Carrier gas flow rate (//min)
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Radial position (mm)

443 F—F VYRR I A<D b —FEFHAEOETEELA

RFinput power: 700 W,Plasmagasflowrate: 19//min
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sy FGAVIMERTIXID O F—F VIR T Av~OBITITED o TET
SRS o 7oA NEAL L7 L2 L, BTEE S 79 XAVRE LRI, TN
¢ ICP TRONB LD % F—F YBROSH LR S R bo 2o F—F VIR
B A< (Carrier gas flow rate : 1.5 [/min) Tit F—F Y WRIES ¥ 7% » B Radial
wition : 8 ~ 12 mm BREOHT ODEFHESRPCR LA LA ERLTVE, &
s GELEICEA SN BEREARORETH DL LEZ LR,
VEEEETAE. COBTEESAPOA T VLREOEMS Az KDDL &
TEbo AR ER 444 1R T,
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Carrier gas flow rate ({/min)
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Radial position (mm)

X444 +—FFEFEHBDA F AGIRED A
RF input power : 700 W, Plasmagasflow rate : 197/min
TAFRXAVIMERBEIOF—FVYERTIATD V —FEFHMBESTHE F
N 444, K445 1R T WERDBEICS, A A VLIREE > BiRIEE > DGR
CLEVIFEEE T A B AERER LN, COBELL L, COMES
CTTRLIE R L TW R W DR E R,
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Radial position(mm)

X445 745XV MERTS XD b — FELEHMBESS

RFinput power: 700 W, Plasmagasflowrate: 19//min
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2000
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Radial position (mm)

X446 F—FIHIKRT I A<D b —F L BESF

RFinput power: 700 W, Plasmagasflowrate: 19//min
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r AU LICP DcHRBIEE#E
ALHTRLZEIR, FY VYT AOHEREZERTE S5 AIET4T2
gk b F—F Y BRCET 2, F+ VY HTAHREE 06 /min B LU 15
in ELTAY YA QRKIIEI OV TRESMUE 24T o 720 Bl 2 X
7 B & U 448 1R
;%&U?ﬁXﬁ%%%MéﬁétﬂU7A®%%ﬁﬁ&¢bﬁimﬁ~?%%o
IR P OB 2 0D -2 2O BRICEIL 72, HHTIRID 2o
W=D R = F Y BRICHET 2EEIOND, ¥+ )Y HAWE 1.5 /min &
FBHANY Y ADFELEESHIZT VT ICP OFENHESAH® LEULTBY .,
CRICER R F—F Y T IAYPERTETCDLI LR TE DL, 72750, ~NY
s ICP CTRBEBFEEVERNWCOREENPREC ), 7VITICP 1 EHEE %
~FUBREE R o TRV, ANY Y ADF—F VBRPELESH & 5o T
S, P=FHROREDORE —I L o TR RELKHATBEL T2 WHAE
AHTHBLEZEZLND, 2B, FRDOIFNHRIMIT7T VT ICP B BT NV
YOREBELBWTCOBAINTB N, EROSHOBICIZIZ & A CHIER
bW EEZLRTWS,

50
Carrier gas flow rate

g 40|
5
'E s
< s \ 1.5 //min
2 30 ‘
‘@
o
£
.; 20 =3 3
2 .
o 0.6 l/min
& 10f )

0 & s 1 P’ "

0 5 10 15 20

Radial position (mm)

X 447 F—FFEZHMO He (1) 447.15 n m FIE50E A5

Energy of upperlevel : 23.74 eV, RF input power : 700 W, Plasma gas flow rate: 19//min
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Emission intensity (arb. unit)

[}

Carrier gas flow rate

| 1.5 Umin

10 15 20
Radial position (mm)

K448 +—FFZFIHO He (1) 501.57 nm FEHIRE S
Energy of upper level : 23.09 eV, RF input power: 700 W ,Plasmagasflowrate: 19//min

2y YT HAGES 0.6/min BLU 15 /min & LT, REWLERARS VO
SYEEREEIZ DWW T ZBRMRIIE 2T o 720 BIERE R % X 449 ~ ¥ 4-53 12777,

60

50

40

30

20

Emission intensity (arb. unit)

10

.

Carrier gas flow rate

Radial position (mm)

K449 F—F3ZFHME O OH 307.30 nm FIGIRED T
Energy of upper level : 458 eV, RF input power : 700 W, Plasmagasflowrate: 19//min
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i Carrier gas flow rate
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o
e - 1.5 [/min
2 s
£ :
m i
0 o

0 5 10 15 20

Radial position (mm)

K450 b —F LXK OH 307.44 nm 5 ICEEFEDAG

Energy of upper level : 4.08 eV, RF input power: 700 W, Plasmagasflowrate: 19/min

140 r Carrier gas flow rate -
% . ¢
5 120 r
h !
& 100 ¢ 0.6 /i
P | .6 l/min
‘s 80 r
g .
X
g 60 -
.S ’ 1.5 [/min
@ 40
g !
M 20

0 5 10 15 20

Radial position (mm)

B 451 F—FLEHEOH, 486.13 nm SRS T

Energy of upperlevel: 12.8 eV, RF input power : 700 W, Plasmagasflowrate: 19/ min
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100
Carrier gas flow rate
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5 80¢
8
8
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B 40t
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<5 7 \
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0 beocesseslD PRIV I PR P VPPPPPgp
0 5 10 15 20

Radial position (mm)

X 452 b —FHFFHD Ca (1) 422.67 nm BIEEESH

Energy of upper level: 2.93 eV, RF input power : 700 W, Plasma gasflowrate: 19/min

100
Carrier gas flow rate
7
5 807
]
Bq
S
2 60
‘@
o
g
£ 40}
-
.2
@ | Y, 1.5 /min
g 20 -
=
._ PENEPET AP BT e oo g I, |
0 5 10 15 20
Radial position (mm)

453 F—FEFHMEMO Ca (11) 393.37 nm FHLIRESF

Energy of upperlevel: 3.26 eV, RF input power : 700 W, Plasmagasflowrate: 19//min
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AN T BREFRERCE, ANVTLAEHADRARS PV OnTH, RO
Lo TAVTALFARD2ONDE -2 2FEOBR L LLRIEVE -2 2 4 o0&
DO EL LTz BV ORI ANVF-D B WREBOHFIIZ 200 —
s RBEONY Y LADGARICELS L R2 Lo THLE I 120 —
) RN L BT BRAAR S R B, 5 2 BCRA LA, W0 10D
2 b NTVBEREEREDOAN Y 7 AT L DR T ORGEREES A O
SMERBH TE RV ANYTAZRCE, WTRL 79 XY RICEA S hER R
Eé#gwﬁﬁﬁ?%%o@ﬁﬁﬂﬁ*%U?ﬁxmiof7517®¢b%LKﬁ
AERBOT, 73 XTHTOBESHAFLHLL 100 Vs 25BN
ke CHFEMBEHSICEES L. BT EEL S L ABORBAEHR
;%ﬁﬁctuﬁéoCnﬁwaV%ﬁ%T%E@tLTﬁ\F—%?%ﬁ@ﬂﬁﬁ
fﬁmuvAw%&%mwm%%ﬁﬁﬁﬁﬁéaom¢WﬁwwvA@%Eﬁﬁﬁ
fﬁﬁﬁgﬁﬁnﬁ&ﬁmﬁét%i%n\cn@F—%v%ﬁt&ofwéoit\
Q) DEFRESHS F—FT UV BREZ o TV AWM S5, LA L, B iy
F=TRELBBRELETF 2 TF =T VRN EEL T B0 1008, BFEESA O
IR, ARV EIREHERL ~ DBEHER & )T EYRRAER ~ 0 MR A & VIR,
Fhbb 106V RENETE (TR SR, LaL, Bl E TIOR L7 B,
R, BFEEALEX S LETRERCVEV LeVERETHL 20, ST
TRk BRI R LA S E Tk B SRG OB ), BT AL d— K
NN ORREICIER EREE S CREREBOANY 7 A5, BV 2L ¥ M~ D
RS EOETSECES LTV 2 EEBRINC T SN, T bbb, =
VIRV F—HEAL AT

X + He™ or He* — X* + He 4.1)
’ﬁ\/‘lff\ V¥ —HERL NI
X + e (high energy) — X* + ¢ (low energy) (4.2)
TROELEERBIENT LR D EEZOND, INVY T ADL F VEBIZOVWT b,
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CTHERT DEDEE T AV ¥ — 3.15 eV 124 F VLT A V¥ — 6.11 eV 211 % 71 9.26
V& EZR L.

Ca+He"orHe*—Ca™*+He+e 4.3)
Ca*—Ca " +hv “4.4)

DR WHEEREA b A 4 v O RN SRS S . A F VR ARET b1
R ERBETFERLBHETHIENTE B,

ATV ICP CRABORESFIIIEAL DRSS, PLE Y -2 2O
CkEBB. CORREE LTR () LEEIZB VT ERT LT Y OBE DK
CBnen, REOEESM EREDAH—HT S, b) BFHES 1045 EAE v
D, TI XK ADFER TNOUHAPE B, () TV TV OIEEEDAY 7 A
CAYT AL NSV ES, 7T XK ADEFEN OIS AE N, B EFEL S
7ﬂ%ocwtm\7wdv1CPmﬁﬁ%®m%uvslvaaym;%%ﬁmﬁ
CRUT. COL)RERHICR SR T WE, 77 Ly RESAGE, b L <
CREESTHEAA VEE L TICP 2AVAEEA, Rl ECERERCS F vaE T
f LEDFEF L, Ld o T, BEFEDOAY 7 A ICP 2 0H 79 X~ & LTH
VBB T XTOEEE. (2 F—F OREEA SO E, HFREL 2
=

48 ==

481 D

- BHRBZEALTORER F-FYBROANY Y A7 Avohg e HIGE L
T R —FOBARPLCAY 7 A ICP ORIRET 5 7 KAGEIREE LA
- DTHACHIE DR, BEROT VTV ICP I b —F T 79 X AEBEICAY 7 A
DREEERERE L L WEHIDLP o 20T, LAY T A ICP A b —F TiiER
DE=FITHRT, FARROOFEE/N S LTRORTOMNEREEZRES L. »
PTG A BERET T CRASREEOREL /NS TELEDEEEIT o1
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piER, THRRERSEFFEETE, BHKRTEELNT) VAT I A RERT
LHTE, FXYYHARBEERTE, AV T AT FATIBEEHER O
45 A Y MERDY O BEFEUO V- F YRS EBATL 2o 220 SHFHEER
NTEB LAY AT A0 HEZITY., SATCERM L F—F YRR
5 ARDBERENTVE I L 2HRLZ, 8510, WOPDMARY FILVDF
AATROBEEREZ S LT, A 7 A ICP KB 5 LRGSR ZIRRL 7=

8.2. SEDRE

 EBFRTRER F—F VRO v A ICP BT BT LA TR, TN
;j%@ﬁﬁﬁ7717ﬁkbfﬂm?%tbmﬁ\MTK%?L%&%<®%@%
SRTVE,

O BRETEOBRE. £ 4 K E EIT B 00T X7 ORHRAL
ﬂg@U%L@mﬁﬁ@4ﬁ/@&F%ﬁ<?%tb®77x7@%%§ﬂki0F
- FORBEABOLA
(o) KRB ERTROBE 25, BFL, BRT 2 01tk # RBEOE
e
DT NTVRERCHRTEMENY T ARHBDED, Y=Y raA 2L
BB OTI XK AOEREL

L TS X OBERREE ET AR, BRIV ETH S, LAL, BE
DAY YA ICP A F—F TRIFABOMES S 1 kW BEISEHEZRENRATH 5
b, F—FOBRHFERBE LR B, CORD, TIAIHTAK LD AHOEL)
AL, kG EOB ARG, BEIA VOBRPRBEORR, % L ERE
HTH B, ., 7T XTHRAOEBEAD O —F OHHLS I, BED
N —F it 16/min BFO TS AY A ARBTREEL FoF v 75 A2 H KT
ERVEWIHEN DD, C0H, BB RERNRTEEDO LA SENTH
CAEE LN, BEORIH T I ATHARE LIOTEANY 7 L FZADFE
IR, TAMFEZKELTHELRRETHE -0, COMEXEE L
BRVWEREHD N FOREEILETHDL, N U A ICP AEWHE F —F DOKEH %
9 454 1R T,
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WL 128 LIk 2o

X 454 ~1) 7 & ICP FEHE b — F DRI

| BBEC B RSROBER, 7T XHIEOR MO ZRARAE, ATy
UEEGUHETEOERIN. BETH D,

BB, BESATEREE LTONY v & ICP ORI 3T T & 1295, BRSO
HoAF VIFELTHYR2DIE, KRWPDOT 7 A~ L BREOEEITIEED
AV =T 2= AREFLELT, S5 OBEIFRE N TV,
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i, BARETEREORAC A REATEE L FEESHUKESH .
ETRERICL o TELAEEERIREN AT CHIEEZ/EL 2 wdT, BEIRK
BN AEREEREO 2RAERO LD CHARARETERT 5, t7-. BEESEKE
 TREEZMEBERE OMCERENEY 725 VA VaC 2 & o THERRNE
b, ThicH L, FEEARME TR 1RER L EHBOBKICLS L 2ERFF
EL, 2RHHBEEREZHI0A L ECEDLZ ESTHETH S,
75iv917b&%fiiﬁfv@%%ﬂﬁf@*%ﬁxuh\mﬁ%wﬁﬁ
S S THREINICGHITR &, 79 X bhlFRADERER T EREERE
BT LLD, BRELVEBERHOBNTIIATOERBICHENL) ET5, D
LTI X OREPIPMTHEE Y FHEIR ), 77 A< DR & RER I
FREBIENTELY, 85LIT, VAR L o THES#BHTE L 720, |
 EHEOBRIC LD 7T X NORHY ORA BT LI LN TE D,
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EMAETRLEEb ., BRI BRSNS T T AR H AM#FE TS X< LT

NnTWb, HAMBET 7 X< OBE& 1L 1960 FIT Alfvén Ik WIRE 21D, #nll
ERAATIR L BEL TV 22 DREFRESRTVEY, LAL, KEETITT
G AR EMBFETELLVIRER IR TR, 72, BRREICL 2 HEORE
BEE LSO LHILNTEB Y, [HYHED Kapitza (2 DO HER L o TEFIEE 100 eV,
AAVIRE 10eV DIRE 79 A2 2 EREFTYA 7 OERBIC L o TRERRE
B EHEL T B3O, T/, A AP MHD A EEUDRELE L (HL &
&5 2 EH Manheimer 52 & o THEBEPICRENTWSE T, |

BALETRRLHMELEIN B OFER A 77 X< (Inductively Coupled
Plasma, ICP) . 79 X< L EHROAEKEE ORI PN X ok & 2 B
BL. 79 AINOARHEREA LIHEE ORELRIT S, —HOKRKEN X#FET 7
ARTHY, TVIT 75 X< T 1000 K OFREBESHESLTWEY, LiL,
ERROBMEECTHREE LR (TS, DLLEERZARLTAET VT Uy HRICE
LHEBEDGHIIRVA TG ERY), REDT VT Y HAREVLEE 22720,
KEMLIZIHETH 5,

AT, REITEBMBEOKRAEr — AR T I A £ T 5 120, 75
ARHA e WEEREPLHERFTICEA L, 79XV AH FORBIRK TEHRO
T AT L REBE R BOCHF TR FNERET S, Tabb, BEEEREC
BT, BREVFHREBEE OGHREED. FHPORAELET D720, b
SR ER R ERI LT EICHER L, EER T2, ®aq4 ¥ Vv FAIKE
BLEEARBERE L, FILWEHFED b= A BROBBE2EWEL 120 20
BR. 72790V, AABLUEEEO SEFOKEE2HW LHFEES RO
REIZL o T, NEVEFREE D DL WT VTV RETREOREE TS X< &
DOTEET ST ENTEI, AETE b~ I ABRT MR T 7 X< 0%iE, K
RIET 9 X< DR, EEREHF O W TERBRZIT) .

3.2 b= AR Xi#Eig 75 X~ DIEE

BBERD 77 A< E CTIHEBM OBRUC L 2 MY ORAGHEL 25O T,
EBRCTT I ACBREIRE T 2720, AFLETRFEEESFRNERA L. HEE
NCESARERZEML 720 RI51CRT LI, BEIHHERREL P—T X
ERoBEE» B ENS,

-129 -



75 X H R
Je [B] &0

PR ER
(BERYT~)  (FAKY~<LD)
51 b —3J ARV AR T 7 X~ FEHY

- EBRAERESRCL VBRIV (BECA VY8 Y AL IRERT 2L TEAK
HRRERESED, COLEEUBEE g IRRTED I D,

¢=LI 6.1
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t dt
E-_V __L dI (5.3)
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V:REEHNT vy —VEE R: =95 AKRFELE
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EER 2MHz, ML 5kW Th 5, BEERIRSE & HNES O MR
550em* D PO TN T T4 FATERASL TIT) o RESFHOTER 15~25K
TP AERE RS, U—F Y —RYTERGZHINT =R =R TEHH
5o 7R HES B 500 Vmin DHEFRRICEL o THR T2 E VI BBICL 5 TIT I,
COREEDEBILBWT, REEP T/ IATERHEIELLDICEE MV O
IV VEEFBLEL BN, ChERRRICL o TRESEL I L HREETH
e BTT, DEDEINT I ANREFEEWRE L T, HEORIDRT
WEJE (B Torr) CEEMKEICL D TIAVRERT bo COLELELRT VY -
VEEE, TVIYOBETEVEN IkVEETSH 2, ZOTF AV eMFTHO
RO RERAREN RS S O HEERCPET R ERE R, To L&, Pl
 HAERBRACLEA ST TN LKL, 779X 2HRSELI L KRR
KEEITLEAEHBIENTE S,

COFBEREVERLIEKEET VT VHAKEZE TSI ATOBREBFE #5211
R, EEREME. TIXTHERMOT Y —VEE:900V, ASE 2kW, ¥
HIEJE  3Torr. EHESE : 760 Torr. BE 7 VT V& 40 /min Td 5,

M52 72 ) VIREET NI Y HAME ST X<
RF input power : 2.0k W, Pressure: 760 Torr, Arflowrate: 40//min
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7 H Y NEO b — 5 ATRI B IR BMAE ¢ . KLU IO 2 1 5
5 CHEMORHIMNE B CLED Do F . KA BANBER £ 5K
 BEOTEAFRAL, £HbEASREENCEAL TREAKARL L, 75 X
?vﬁnwvVﬁﬁﬁbfw%%¥ﬁﬁméh%%%%%oto

AT E o TR L 2B O RIRRE A £ 53 1R T O MRS
 IAIHL DFIMRC L DB OREEZTTVE ZEZERICAN T, HEE
CBETOBRERT 7Y VEBEE OWABREERE BRI TV B, T2V Y L
CBHEERT T AT v o OBEAE IR 65 C T Th ), KB ORED 720 v
TV BYY I VEBIEELHI80C £ TLAMEL AR VDT, COMEBETTS X<
 RERMICAERT D L ERETH B,

1600 [
_100F T
O i
<
o
Mo 1200 | £
g _ ?
© )
Bt -
& 1000F 7
@D - i o
&= :gx/§
800 -1
600 [ | N T T PR S SN SN WU YRR AN WU S PO |

0 5 10 15

Distance from the wall (mm)

X 53 72 V) IVIEEWNHT R IRES A
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F

ARATo T2

4 AENEBEEBRHWN M-S AR RIMEZ TS5 X~
77 VHEECREETH o727 5 A OESER LT 720, WHE, Bl

RO EAZER L TAEST I ABOBRBELEEL, REET I A DERE

41 BEREES L OCEBOER

AEREE TRPEE 825 mm. DAEE 20mm O F— 7 AR TH Y, HERD (@

5.0 mm). BE T (6 15 mm) #EFAICZEREN 20, 72 ) VIES LR
E TIARHFAIFEROPLEAI N, FFROAPLEER VY TEHV THRS

bo AEMEE OB LN 5412, AXRBEBEONEZK 55 KIRT,

n
Cross E .
Induction Coil

Secion

plasma

vortex flow

exhaust |

‘ Flow Meter Ar Tank

Vacuum Pump

B 54 HFEBFEE BRI
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e

X 55 AEBEE

o E S R I SR A B 2 MHz, AT 50 kW BEYRFEIRSG & V720

B VIR ERE 10 mm OFENSSL 7T 235 — v Db DRV, KESHORIE
BLUFAGRIEE, BERY TOPREELE 77X TAGRAERERRE THI L
LoThHH Lize 79X HFADBARIZ = — PNV TH EEEFCHS L. HE
BT — ) — K> 7 (500 Umin) T o720 MEBEHOHREHNRS AT 75 & E
HEFCE=S Lo A VRENIBHEABR 70 -7 THEL, 7¥s -V &
CERBEIANVORBEKCREELLT Y - IA VTHIEL 2o BB, AEKEE
ERVE Y —F AR AME TSI AT TRIIAREER LR TLL, »ORE
ERRETH-D, BEK % 500Hz 12 BWT Duty L 50% TEIMML 720 %8B, B
T RF power DFERITIFEHEFEH TR, E—2BHERLTVAE, Thbb,
FHENERMEDO LD THD, ARBMEEEH 2 b —F AKRTRA#EZE T X
TEEBONEBEZR 56T, ¥V Ry 7 2B LU 50 kW BAEERZOFEE X
57 R %,
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R

R

NG ART A& T 5 A< EKE

v 7 AP LU 50 kW & 8k 5 ikas

-
~

X 57 v— )V k>
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542 KREFNILTSITOER

BEENT VIV D&IEZE 5Torr L, FHEIA VIV Y5 — VEESOV ELE,
ZiREEH 1 18 kW ML LB BB 2 MHz) 2 Flin$ 53 &, FHEHLTHL L
TH, FO—RDTFAIPELET S (K58a) CHOTIFTXAT2UTDELI%FIE
FAVWBEI LI o T, RAEE THERF T L2TTE 5119,

# Torr #*5 100 Torr (K1 5-8b) ¥ THEZRY YOHREE ¢ —FIc L, 7L T
YHADTABREZFRLT LW Lo THAEAREZ LA S €5, [UEDF LN 2T
HoTTI ABRAICHCZ Y, BNBEDIRE( LS, LAL, EERKOAR
B—HELD0, TVIVHADOHER2 20U/min £ h KELT5ET75 XTHR
FEN e B o £ Ty 100 Torr BETRT7 VTV H ADFAE % 20 I/min KEE L.
BHERY TOPGEEZ/NELTHI LR Lo TEES LAY (U58b ~ e
FIEZHFEALC LTS LD, KEE (760 Torr) $ THRERT VTV TI5X <
BRI MERE T A LN TE (M 5-8d,e)0 RIEZHB L LTHEERIRMENS

ThHE, TI9XATIBBUORL L DLDT, 759 XTDEI/NES L 50 EEIEFED
BYE Y FRHBICLIELDEELZLNS,

(a) Pressure: 5Torr, Ar flow rate : 1.0 [/min
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20 I/min

100 Torr, Ar flow rate

(b) Pressure

1n

20 I[/mi

400 Torr, Ar flow rate

(¢) Pressure
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(d) Pressure: 760 Torr, Ar flow rate : 20 I/min (side view)

(e) Pressure: 760 Torr, Ar flow rate : 20 I/min (slant view)

M 58 AEMES TV HAMKE S5 X~

RFinput power: 11.0k W
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CRIET NIV I AROBEFIHER 9 ICT LD D,

800 Pressure 4 ’;
— P
E ool ls S
3 .3

© =
5 400 - < Argon flow rate 7| 2 g Zlo
A i 2 .5
@ \ o =
& 200 - - 1% §
umping speed 2&

O 1 | 5 i i
o 1 =2 10 20 30 °
Time (s)

59 KEETIVIT Y TI X< D5AETFIE

75 jva)%&b:ﬂ\%%/j\ﬁﬁfﬁ)é 78 kW. 2 MHz @%}g(&%}\ﬁbf:%/ﬁ\@
‘ ‘.-~‘?‘£/’\%§?§0)7)1/:!*3/";?\‘}£2; Ty VEEBL T A VR OBEEEIE L.
R ER 510 KR T

1000 200
1 —&— One-turn voltage 7
g 300 B —o— Coil current -
= - \ before plasma production ] 150 g
20 3 -
g ' ?‘\i\ -100 &
- . o
g 400 ] after plasma production . -—g
g d 50 O
g - i
S 200 :
0 1 1 N § N 1 . 7 0

0 200 400 600 800

Pressure (Torr)
X510 EJE L7 vy —VEBIEB LA VERDOMER

5 Torr TIX 75 X< DFRECIHELB/NOBREIEIIH 16 Viem THo72e 77
L hFhTHE QEMELEDZOTIYY —VEE, IANVEREDITHA0%
B LT Chid, 79 AR KBRS ND L) o7zl EEIRL TV 5o
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5.4.3. NPHELOHBRER |

CDI—FRATT7 AIDGHAD—45EE LT, PCB & ENEEREY DIRL %
2 TCVh, BEOLFNLZRTIERE, dLIRBATHTLILOTE 2V, BR
HHETS, {FADTIA e FONE, BHICOBTLIENTE L, Thb
th, TIXTHIIYWEPEAINNE, TIATHOREETFICEL - T, LA
PR EIND L V) L THETSHEND, L DELEREY IV ¥ VRS
INBD, XRVEVEAWTHBRERTo /e RV EVOBAFELXR 5111
Yo
BRI NAR Y P VRERAETT I APl BAI NG, HEED
LR S N TR D HEEFANNE, DROPNEE KDL LHTEL, RUEER
AT AR 20 N FT 7 4 W,

v

Wi ol
Ry ¥ VER

TN HA

X 511 N> ¥ v DiEAFE

SEERIZ ATES 8.3kW, MEENEE 400 Torr, 77 XY H A Ar TiT o720 &
MBORBOEEEE LR T . COEEPLRDLNDI Y ¥ 05 BRHERI
99.85% ThH o7z EHADOYWESHEEITRD L NDSWHHRIET—KITI99% &
ENTWL DT, AEBOSHBYBIIT4oLETH L ERE LRV, COFEREL
T ) SHDEFER TS A<M ENT 20, +3 79X EEMLT
Wiz, () DB RERIR L LB IEASREDT, 7T X POFERR
THThRW, REVFETLNRS , HEOKREERK CE /I A 0ERBICEED
BB AT EORRETH B, £ T, K% FIFEHEL L TCROEAT &
FRET D, BAFEOEANE M 512 1R T,
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£ 51 RV ¥ YOI R

WL HIEfE (%)
W v 0.0002
K% 0.10
TBRAbIRE 0.04
AE Y 0.0006
Ty 0.0001
IFLY 0.0003
7EFLY 0.045

ir’,”ﬂ,,_#vU?ﬁx+ﬁ%%E

M 512 WE 0B A J5E

Thbb, DY ESTIXATTALERUEUFY Y YHFAPRIEEL, 2O %

HEZEDOMOA FNVEREFRAP LTS X< FICEATSE, 79 AIHRE

EHRMEERTEZERL T CUFRENIEREIBI L., 779 XAREB L

ERT 2RI EA T D, T/, AR TIIATHALAL XY YT HAZHW S

CETTIATREGRADHEL LR TELEEZOND, T/, BHERKHEDO* v
VXY HTAFADEAFEEL TR IVEY PV I AT ITAFRBEERX T IAY %
Ex AV EEEAEOMIC, MBEFIAEAEIELLND, BRI AMLELT
77XV¢k%K?5iD\ﬁﬂbt%k%lbfﬁ# WRORAE 2 LR L
pvilo, 79 A1 B R B BEIAS CCE B $7o. FRKOWE DRAN &
LT v —¥Ingkiks ENIRHTE %,
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5 ABREEEAVE F—FXBRIXEZ TSI~

WA BWHEEEZHAVT M ARIAMEZR 7S XA~ KB{LL, 79 X
 COREE S HICHE T L, 79 X7 & VT POB % K OEREEEY ORI
ATEB EERGNE, £ T, HABOMME DML BT BB, $7:,
| KEMLEAT ) o0 FRERE LCRRBBRE E RMEL. 77 AV 0ERERE
o 7219,

| HARB TS A OREEL LTRB AL L. £RET 2 ) VI LS CE R
ATBBLED, 79 A7 OBEALCEN MREATIEE % 50 %7, BB
O THEBE B RS O R — B S N, MBIRIC X BB EALER
CTED, LI, ABD LRSI L o THRN ICKEE OBHIET D S LT
BB, Lo hERRROI LTk B,

551 SENEE S L UEBOER
2R EAVT - ATMRKEE S BT 5 b WS B R R BB
CHNB, MEENKERSBEL R ), TIAREERTHI LETE R
L FIT, P ABROKBEESE LT Oy 2 2 RBMEED . TATAD
SOy DECEBREBALTY VS — VARV, SEL-EBRES T
Ty OFER R 51310, SHRE R 514 1R T, BUEFREHR T, KEE 100
mm. PEE20mm T, €E 70y 7 RFEREEDNCERE 10 mm ORRE. BE
RiEEHED, T/, HESmm O hHAAEAL, SERO%* N FN3ETORE
Lo 72 €BHESE 7uy 70— F0fECIE, EEHOO—-Y ¥ FEIFKL
nTWE, COEBREETuy s 2HEKEEL. PuAd FIVGROIRIE 12
CAEO F— 5 ATRREBHEE 2R L 2o HEE OWEBEM 2EE T 5 LHEHEIRIC
HET Iy s RV EORLE LnEZLbhE, L L, AFEOEBNTLE
 REEOTFHERTHE I LN, 7T AT OBEB L CTHEOWEEERL T,
ERBARIC T 2 UNE BV, T2 ) VEERIRICIE 10 mm ED T 2 ) VRICE
42 om L EFE 15 mm OFHEEAB L UREE. SFREHOREEL. £DJE
HicO—Y v s lome COMBRE 60 B TEMBAL /2o BHELEE
B O %2 [ 515 12, #El% X 516 KR T,
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BRI —
(62.0 mm X 3) e

(¢ 1.5 mm X 3)

N 514 €gEE 7oy o
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X 515 SRBEEBEX

K516 €BKEE

75 AEFEABRE L L CESAT TEW © SEE 25BN AR RERY 2 4#
ML7z. B517 KRIEROBIBH % RT,
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FEEDBACK
l I( n 0.7 uH

[-‘ [y L] 0.01uF © OUTPUT
== 0.01pF X n v I

M
— ! 1.565 mH e

TANK CIRCUIT
%o Mo

% 500 Q
FILAMENT TRANS.
VACUUM
o 1:16 09" SWITCH
ssuscs '3 % GH L ol *uona
ROLLER
CONT. 10 }/LFT -

J:@:uzoov;\c

[ 5-17 mAHFEHR Y

CORIEHROBIWTFIC, IANVETyF UL oTHESNLSE LC ¥ 7 [
BEREHLT, SO VoRBOIA NV EERREEOEBICEEL TSI ATHE
EHSEIANE LT, LD oT, 79X BB T2HEBROBELKE., ¥
v EBOKERAEE L %D, ¥ v MBOLREABER T FERE O REH 3.3
MHzZ) =BT LI IANDA VT 2§V RET YT VY OREERE LT,
M518 1y v /RO %KY, 85—V DBLIANVESEER2 Y TUH I
FAHEM I o TWwd, YV d—VEEERELSTHLD, IANVELT -V
25— IIHEL, 15— Y CRIERHEIETFEERL o T2, S OFERE
REARTH LD, Y 7EBOIL VEBIC 1S —vD I IVEREL, FHie
SNLFEEZEZEEDOT )y FIZ74—-FRXy 7 LT,
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C =504 pF
Oscillator -
output
1 Turn, 1.
v, 1O RH Q value = 27

7777

5518 ¥ > o B

RIS 2 KT 5 -0 0hMEF 25k %X 519 18R T,

DISCHARGE TUBE
S% §§
N
= I ) !
|
SAS - O%g CGAS - IgR

_;) éfv- V.LV.
NT Qg

S.V. V.LV.
LV.: LEAK VALVE GAS
S.V.: SOLENOID VALVE
RSSSA&%Y V.L.V.: VALIABLE LEAK VALVE SOURCE

K519 H#A70—=54 Y75 A

Ry _Xp SEHR & NPty it HEF 2 EL BRI 2RKCSE s D, £h
ERORMINNEFEH Y 7Y 7 TV =2 507 (WHITY, B-IRS-6) £V L/ A o
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VT (FFIY, VPGI45) % RE L2 SOV L/ A FRAVTIE, Y—4vR2
yrO—F —CHE T A LICEIVEEDIA IV I TRIT A EXNTEELLEo T
who THO2RHEAVT, IV tu—-F—-FHTCHREENORL,: 2BBETE
BB EPURTH), Y Za 7 VBETRT 7V T TNV =2 VTRV

ERRRNCKREEZ LR D T EHTE D,

INH 2RMOBMEREWML THUIRK I 2o TREATF ¥ ¥ /NZAD, 24K0
EE6mm DEZAF 21— 7L Y HEEORKEICRR S NS, HBEOHRE
FAROHEE 6mm NF 2 — 7T Lo THRT ¥ Y NCER SR TRd, BERY
Sk, B—%1) =R 7 (ULVAC, GVD-050A) % L7z,

552. PO TS5 XvHp R
FTZUNVBLIUAERBEELH W N AHE TS X20ifa, 79 X<eREL
TV Torr BEDERETHELHBL., €OBRRELRAEE TLEALL, &
BHBEBEBVWTL, ETIOFEZHVWT S I AvEWRERZIT - 72
EEREMI, EEEOBERDC EE 34 kV (B4 100 %), BB FEHER 1.0 A,
7Yy FEH 160mA Th ) . HERBHEY =27 VEBIEIC L H VLV, 2HwT
HER2FASEL, TVT Yy 8A L WHHKE 0)%%%.520 IZ/RT o

K520 €BHES AW F— 35 ARV A& T 7 A<

RFinput power: 3.0k W, Pressure: 1Torr, Arflowrate: 0//min
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7»jyéﬁkbtw%%fu7yy—77?1vﬁﬁitfwaoL#L\7
G AIHFRELTVHELS»hbLY, EREHFTHLIGRTYERL 7YY FE
SRELL B oTe CRIE, TIXTERIMBLAERA TV RVZD Y ¥ 4 [
5D QENTHEL L VO THL, $/20 TIXTORKBEE 2B THY, &
VEHEEPICRE L TV R ERFO N, BELL TS DEEZLNL, TDY
VTG AIDBHEHEL TV ARETCT VTV 2BATH E, 79 X738 %
CRLCHE LTz BT AV AR DR, £ OEHEOSBREE 70y 4
;%ﬂuf@atm\%ﬁ:4»a@@&%§7nv7@@mﬁiﬁau;or%m
BEATRSNA LD EEL L R, S 0L I, EROFETRELET
A TTATRERT AT LEHETH .

REEMICT LT YA R #EA L TH 10 Torr DRI Ly £ &4 SHELT 2
 ~3Torr Ko EBATHE T A & WERED SEBH. MAREFIES 254
BB B. MARETHRCREET ATV 5 — Y 7T A HBME N, OMKS
 REFAL TR TS X~ ODERERET o 7o T AIHRIE 2 ~ 8 Torr THER
L THRBEREZRIL, 7Y 8-V T IARERESED, MREERBICR
CNTVBRHEITARPRT VT Y #EAL, EERTOSEIEN 5 T TRE (100
Torr BE) ¥ LA &85, Ty —v IS5 A2 MfRF L 2RETHE VY FHREK
CELTENRE, TIAIIWRT A E R BB DT, FORRERL CKEES
 TRER LI EFTE D,

HEEORE DC EFE 3.0kV (B 90 %). BERFHER 1L.0A, 7Yy FEHR
50 ~ 200 mA (RFEZ&1bd %), FEIRE 3 Torr, ME LR 0.’6 sec THANVT &R
. BRELGERESH 760 Torr DEHFEBVWTRREET NV TV I X< RERT S C
EDTE J2o 760 Torr EETIE Ar F AW EIX 40 /min TH o7, K 521 BL U
52212 760 Torr Bl EBDO TV ¥ -V 75 A BMBEORTF 2 RT 72V VED
FU— A S BT D £ #5100 ~ 760 Torr DENEHICBWT, 75 Ak

 HEEORRICEEICAER S N,
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X 521 €BHREE N AME T 7 X~ (L)
RF power: 3.0k W, Pressure: 760 Torr, Arflowrate: 40//min

M 522 &BNESE Y AM&KT 7 X< ({H)
RF power: 3.0k W, Pressure: 760 Torr, Ar flowrate: 40//min
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ot E BRIAVORTREROTH 8o ORER T Y5 — L EEHUA
a4 VEREBLTT VS - Y EELREORBECEHEL 220 52310 OFHH
| GRERT

1000
800 + Pressure
e . -
&k
S 600 -
S e
£ 2 ‘ e
2o 400 7 —
gp‘j \ Voltage
o
200 |
0 nlAllAll1‘1.1:!111:1‘!111'.xlnlll
0 10 20 30
Sequence time (s)
(a) KRET T X< A Bk
1000
Pressure
e
&5
§ & 600
Se -
S H Voltage
4]
B § 400
gﬁh
o
200 1
0 A 1 A 1 L 1 i L Py
0 2 4 6 8 10

Sequence time (s)

(b) KEJTE I B R4
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1000

¥

800 Pressure

600

Pressure (Torr)

Voltage

One-turn voltage (V)
o
o
o

0 3 L A 1 A L i ] 2 1 A i i L
0 2 4 6 8 10 12 14

Sequence time (s)
(¢) 79 X< {HEFF

X523 7 vy — ERELRJILORBEL
RFinputpower: 3.0kW, Arflowrate: 0~ 40/ min

(@) 1t 760 Torr TY ¥ ¥ — ¥ 75 X< % 30 WHER L - BoBEETH 2, WEHR
ERCHRREFRCYV Y —VEFREAL LD L T555, NVTPRVTE
EDEXD ER2EICHAL T30V ITERTT 5, 79 —VYEEDETRS 2
IO QIEDET T bbb vy — v TIATDFHEEERT S, LEzFoT, Y
s —VBIEOEEE, BRELLT VY - T3 AHEMERIC L Y EMRT A
CHAHEAINTTIV Y — v ORERRE EPLREFEALTWB T E2IRT,
FDH, Ty —YEERRENLER L LD ICHACHENL, HEERET LTS,
) IR EH 2 2ED 760 Torr L7 VT2 B BEAEGTICLEE LI L
BEDHEETH D, CORTIATEEAELT, ALDP LTV -V EREE 50
I PR TEFEIICE o Twnb,

@ BRELAPICTIATHIHEBLILLEDOETETH 5, COROEMHIE, KE
455 5 1sec T 50 Torr ¥ TRAEZ EIF, 85sec THBL TAELZ LT Tnb,
485sec CU VY — VvETFNEEL, K40V TEH Lk ole 77 AXHBED
LUEDETFTRHEEANRROBEETICLEbDEEZ LN L,
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55.3. NUY LTS XvERER
ANYTARFRHLEEE, TVIVDOBED L) ZERERIETS kho iz,
ANYTARTIVITY L DBEERERB O T AN F—HEIKRE (. BRBELR
LTRT Y I—Vv T IATRESEHI EIRETH D, 22T, b ILERED
1Torr LT TV ¥ =V I X< FELE, 22ANY) 7 AREAT B HETA
')*7!—\7"“7;("»7%’5%5*52“@7’:0

“EEEH DC BIE 34 kV GE# 100 %), &"‘LOQA 7 ) v FEH 230
mA . *)J?ﬁxurlTorrUT’C7°7 (TR RESE, 1secBIRAY T AREAL,
20 Torr $ TRE® EH L7zo K524 1AY) 7 AREBEORKTFE, K257V 5 —
VBEELREORRZEILERT,
ANY T ATIR20Torr BV TH TV ¥ — v TITATIZERENT, T
EERKERIBEFEICT0V TEFICZ 272

\I
N
|
\l

524 &BMEBENY 7 AT AMEKT 7 X~

RFinput power: 3.0k W, Pressure: 20 Torr, Heflow rate: 0.4//min
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1000
R 800 F Voltage
2 [ ’ ' v
& 8
e 600
Se
£ a i
5 o 400
& Ay
o

200

Pressure
0 I T W o e I ST X S WOl
0 5 10 15 20 25

Sequence time (s)

525 N ATTARERKEDT V8 — VY EELREORHEE

RFinputpower: 3.0k W,Heflowrate: 0~ 0.4l/min

5.6. XIEERNA = AW/ EEARRBE S RO 71k ,
BYVTFPRETIAIDEFENNCEELFEE R LT0E EEZ LNRLER
SIMOBET 25 7201, 5§ 3 ETR A7z AIEE BRNE £ B W CBERIE T 0 AL
AEEfTo 12,

5.6.1. KILEHEE AW SHRAIRILERE

EBRICEVI2E - 7 AROEREBE E 2 H\ 7z, K& OBBK S & U5
M 526 B & UK 527 KRT

RO FNVHFAOFHE2E LR VD, BRICIKES 0.3 mm, ¥ 11.6 mm
ERMAE LAV, COBEBBICETEL 20 KV D/%0 X % 1000 usec [ B Tullf L
Tz, 1BV 7H 2T % BHWTHREL 72
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(¢ 2.0 mm x 3) gm0
(¢ 1.5 mmx 3)
B . B3 03mm
B 23.2mm ¢
0
T Bl

HER, e
(RBREyI~) (FxKy~pb)

B 5-26 felnl 5ot TR LR E e

X 5-27 el s T b iE
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F7Iid L OiERST
XA T NV

AY

400

100,

N

50

~

22720 10

17

KT DRIE %

= Fiwv T izl
HZ2X528 |

o V2

R o

-
(o

BT AHTRILE

rr i<

)

in

—FARBETIE 200/m

67 [/min (1 F

1

, Ar flow rate

10 Torr

°

ressure

in

1.67 I/m

: 50 Torr, Ar flow rate

(b) Pressure
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in

1.67 l/m

100 Torr, Ar flow rate

(¢) Pressure

in

.

1.67 l/m

.
.

400 Torr, Ar flow rate

(d) Pressure
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(e) Pressure: 760 Torr, Ar flow rate : 1.67 [/min

X 5-28 7 )T EeERIR GO AL

BELY, BEORVERRHEFRBETETVWSL I EIHATEL, B, BERO
BT B 50, 400, 760 Torr D BEREES T OWMESAG % X 529 12, K. BE
SORERS I B3 % 50, 400, 760 Torr DIXEEEE E 5 T DU 5I4p % K 5-30 127K
Ta

FVLTY OFABR—ZFELTWED, SFREEFRL S 720, [REIK Lo THR
BWAAGHRL Do B, HERORS T, WTROGAETH 1000 B X U1260° {HED
TEFKE Do, TN, FREFUVRKAD EHAODONME B L Twd, L2
L. | HERIOM TR 170° ~220° O, $2bbREED L THRAIRRE %
h. W, HFEROBSTOY—2 RSN Ed o7,
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0.7

@

[b]

E

2

K3)

S

@

>

2

=

= r
: 760 Torr ]

0'0 'S PRI 1 PUNY : 3 ] PO S P TN Y

0 100 200 300

Angle (deg.)
M 5-29 7NVIT Y OWESA . HEROERD)

LEHEX

0.7 HER RR

06|

Flow Velocity (m/sec)

Angle (deg.)

B 5-30 7 VI v oidEs A (. BEROM)
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5.6.3. NU T LOBEBRISF

TGAXIHFAEAY 7 AERVIEA, 1Torr IARTHE3LITRT L)/ o —
KOTSXAIHHRBENEEIRET 2, NVTARETARELTH 79 X< ik
CYFERZV, Lido T, BRBLEKLIEXNTEY, LT 50 Torr BE
CLDEIT AN TELRDP o2, TOERELTRAY Y AOBEEEST VT
VEDREL, TIRAROETERENT VI VOGEGREENL VI EHE LR
BIFHNB 5, FRUSNCT VT EANY Y ATIEENR L L5720, FEOR
BRELTWEWS EBELZLNE, FIT, TOEVEFARLLD, AU AR
oW T b BEEIRF O HILEIE 217 o 720 10, 50, 100, 400, 760 Torr {23317 % 7]
HALEEZ M 532 IR T,

531 AENEBEAY Y AT AMGETS X<

RFinput power : 11.0k W, Pressure: 1Torr, Heflowrate: 1.0//min
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(a) Pressure: 10 Torr, He flowrate: 1.67 I/min (1 }— 5 A CHRET 2 & 20//min)

(b) Pressure : 50 Torr, He flow rate : 1.67 [/min

-161-



(d) Pressure: 400 Torr, He flow rate : 1.67 [/min
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(e) Pressure: 760 Torr, He flow rate : 1.67 [/min

X 5-32 ~ 1) 7 A BEEIRTE DT HAL

NIy CREH ORLZ L) KERAD, SERODOESS THENSKE { 2o 729,
AY T ATREROPSEL B BT LI o THEITRI L Tnwd, T/ RO
DEEBIIIEAER LNV, | |

TNTY ENY T ADENERRL 2D, REISIEED LERMS A fllE L
7o MIEMEZK 53312, 7NVIT e~ 7 AQRERKTEEOFEHF I % K
534 B & U'R 535 KR T
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Flow velocity (m/s)

[ 5-33 FERI R EERENME

0.00 ] 2 i A 1 " 1
0 2 4 6
Distance from wall (mm)

M 534 7T HEOERFTEE O LEF MG A
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0.20 |

Flow velocity (m/s)

=

0 2 4 6 8
Distance from wall (mm)

X 535 ~N1) v A BERIRTERE O 054

WTFNOEELRBEBEE»LHNRLIC Lo THERNE R, TBY, FE
BEWERELN W, FCT, AULF— 0B+ AEF L L TN 536 B L UY
5-37 1277

e
3
o
X
&
k3
2
[
>
8 4r
4 3]
O " | 2 I\ A i
0 2 4 6 8

Distance from wall (mm)

5-36 7 )V I v RIS O R oA
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Angular velocity (rad/s)

5r:: T O
N
- S— e e o
Si @
N S
0 2 4 6

Distance from wall (mm)

B 5-37 ~ V) v A KRR AEE OB WA

BV U FBIEDCTABEENLEA LI, SROTI XY ORBICEROLEE
EHRPERIND LILHENTDH L, Thbb, ALHEDTAZHWHAEIIZ,
T . AR Vb OB EELOND. SOFLTRAY 7 AOKEH
R AEE L o T, BREVFRARTH L LEEA R, Th
EAY Y A OESEREE TN TV L) bREVZD, BT EE LI WEIE
HTdhd, /2. ANUTATIE, BEOPSEE D BT L7225 TABBEINS
oTwh, HESEWNOEIN—ETH B LELLIE. ~N) v ATRERAO>S I
3L HHOFBAPTELTVWEHEEZRTINDTH 5, 43.1LHTRNRAL )T, X
TEEPET RBEEFRORESUZECERVWREADVDH L, LT, ZORHE
DA, BELTW 2VWRKT b bBAOD OIS % & ) AT RHE S Lz
Ve AU ATERY VFIENRRERAKEART 57012, BROOFEL S

CLTHEEERELST AR EDERDVLETH So
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1. £E®

AXMES AV =9 ATBRT AHK T 7 X~

FTEBHEICBW T, BY Y FHRLBEEEOGHRE ED, TP OERAE
Y70, BEEHATEENICHEES L LICEHL, BERRTIEEZ K
SOV ERE: BERIATE 2 A L7z, HLWAHFEO  — 7 AROMEE &
BL7e P ATRROAEKRESCLIEBE /9 ATEBELRIEL, R4
TEHERE LT BHEICL 0T ASVEREEHEL EWT VT VHRETK
DARETI AT RO TEBRT LI ENTER, REERREL T 7 XTOR
DA NER. V- YEFOBEERHEL, TIXAERET L OO
Atz RVEY EHCEWESROTFHERE TV, TOKREEEL THE
SVHEOEATERREL 2

SRS R AT b — 9 AR AR T T X |
SR OKEML. BHALETD 2HOFHERE LT, @BREEEHV: b -
ATARA AW T 5 A B R RIEL 20 TNVT YT T XL ) B, M
SRS T A DR A B EAHIb AT D BRI BIRSSRE R T
TS5 AR REFEELHACTCREET VTV 7IATDEBEICE Lz, LL,
o A TREGEEN S, BHEOTI AR ERTEL WD, K Torr Lk

KETIETI A~ DR, #HFHIHETSH - 72,

EEI &S O RAL

ML 7 b — T ATRT AR T I AR IEBVT, BEVFHPRE T TATDOK
(LI B R GE % B2 LTV 5 EFE L LN BRSO T EHNL 20, K1k
W% WO E SR OREREOTHILETo /oo ZOMR, KA TV
R EEERNRETET WL I L 2R Lz, 7Ty TR, FEROOH
CREESADRE o l2dt, AN ATRE, BEROOBENNS W L H
P ote T2 BREOANYVIATTIATOEEFHECTHLHEHAD 1D L
To AY U ATREY Y FCESDEERREIER ST Wi W PRI

o
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7.2, SHOBE

 AEEE LT b — T ATRY AT I A BB LT, ERER
CEBAYTFVADBAETH ), KM TEMEDORGFET 7 A7 e BO TRIFH
DEFEET LI LD TELI EPRADRRTH b, CORREGEDLECLTH~
DA SROBETH b,

(2) BHLE 79 X< DA

b ATBIRH AHHET T AT TRELERERELTHAILEHFTELDT, K
pig & b REUE % S 2 EEE OKFRGEE LTHATE 5 EZ2Tw
B X5, MEOBWT I AIBERTELOT, kD DAMB DORADRE
Yo TWi L —F HORERE., ¥4 VEY FOSHEH. 79—V VY oREs
R EWIBHTEL EEXZ TV,

(B BT T X7 DR

S5 T2 ST 10 kHz O A ¥ 3— & BE AT ZAE, 77 X~ DOREFTHEE D
TETh ). SBEFHFCEL, COLHKE, EHLEHROTIATEERTS
g, KEETI AT EBRBEIKE Wiz, PCB OO L, EEREYOHL
HEADICHAPEZ NS,
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TR W b — 5 ATRIR
H 275 A< OEFERIE

6.1. #E

5 ECRREFEBLOEBERESE AV — T ARTAMHZ T T A<
BWT, BlEh 79 A QEEREHL 2T 5720, ShFEEH Tl
AT o770 BB EEL -/ ERES T, REE PO EoGEE, Bk
B, BYEEONE 1To7. 36, 2EEHOFEEHWTTI X~ DZ2MTH#
MEEFT o770 TTHE L. BFEREEE TIATIEMHLTEETEHETH S,
COFETIR IEAOMECKHELET 2 2H, FREATOMERZANFHE>TL
9, COMEEMBRT 570, 1505 L CCD 7 X7 #HWT, BRI,
SRR 2 AT ) S L DT E B, MUOKKET T A< ASHREY A 7
AEBRL. I T o7, €BRHNES CRREE OBARS MOMBRICHVLT 27
YOVIRAE L THREE L E 75 X7 OFNEEE B & UBhRIRE O MZLS &
CREE B HAEBFHRELZE L,

6.2 FEBMEE h— 5 AWRIT R 7T 7 X~

B B L RSS2 VT, 79 A OEREROBEETo7e &
¥ OWES L OREIREE ., BHRRE, BETHEEORNEET ok, LT K
BBtk 79 XTI LTEET B HELRCT TSI A< OZMOHAEET -
770

6.2.1. BIEL X T L
MEY A7 ADOBEEN 61107, BT FOOEMIHELTD 20, 280V
» Z (f=100 mm. D =50 mm) & £ DHFJICEE L7z ¥ ¥ & — v (¢ =500 pm) = H
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WA EREEH L’C?ﬁ%’%%b%i@%%%ﬁ%%ﬁ@l%x DI N

OT50-C) # HWiro BETEEEIOLDEFIITOY 2 A VTV TEHWTEEL .
Xt b a2— ¥ CiigkL 2o

Lock-in
Optical Amplifier | Recorder

Chopper ?

Discharge tube

Plasma Pin Hole

PMT

4 Monochromator je— Scan Unit

K 61 OxlEEDHEY AT A

6.2.2. KEETSATDRELINRYT U

HAKIZE T I AT CRTI AT EHBENEML VDL, BEEO0TI X~
RERTAHIENTELY, CNEEDPOLLDICANRY FVOHEEITo 72, 424
nm ~ 435.5 nm (2B B RS T AHE 7T A DREHARY MV ER62 12,
HIED Y TNVETHEERMIP OREA RS P VER 63 ITRT,

T

Ar (1) 425.936

3000

Ar (1) 426.629
Ar (1) 427.217

Ar (1) 430.010
Ar (1) 433.356
Ar (1) 433.535

T

2000

1000

Emission Intensity (arb.unit)
Ar (1) 434.545

T Ar (1) 425.118

J’{/\
T T T T T T T

0 T
424 426 428 430 432 434
Wave Length (nm)

6-2 HEMEE T AWK TS5 A< DFEIAT + IV (760 Torr)

M
e

J 1
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3000

T

2000

T

1000

Emission Intensity (arb.unit)

AN |

0 T T T T T T T T
424 426 428 430 432 434

Wave Length (nm)
M 6-3 ¥ 7NVETHEER MIP OFJEANRT bV

—

Bl L7 B EER TR VT VETRO8 DO — 2 DR bz, ZEDEBAZ
R7425nm ~ 4276 nm O N,” DAY PR, AEKEE (Si0,) »WERL L7256
CEI S NG B DANRY ML (288.160 nm) X5 T IVR 7RSSR MIP TR &
VT AKIZE TS AT TREE SNE ol T, FAMETIA<ITENT
S HTPICR L NBKED y # (434.047 nm) I ERBE. ¥ 05 TS L
2oz, LzdtoT, COXREDTRBIIMES NEEICRAE L72KERIC LS b
DCTHHEHPEN L, TNLDERL D, REE - ABRKRTABET 7 X~
?u$%%®ﬁkw&&w\%%E@fﬁfvﬁ&&énfwactﬁ Fanrn,

2.8, T TLREKEEDRIEY

WEBEHNOT7 VI VREE 7V I 56581 (430.010nm) OEFREE K64 1R T,
AEDERICE D% o TRABE DML 720 REDEALITH L TIREE DZMb T %
AL, BEER T A0 FEIITIET B Lo T, ZOHEMRIE, H
ERNT S AhLEHETH B0, REZ LTI Lo TEYFL, BE
DE Lot TIAXARDEREAE LI EINLEbDEER LN,
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160
140
120
100 -
80 -
60
40 F
20

O ] L i 't g P 1 Il
200 400 600 800

Pressure (Torr)

LI G

Emission intensity (arb. unit)

<

M 64 WESHET L 7V T v 5ETRE O B

RFinputpower: 1L.OkW,Arflowrate: 1.0 ~20.0//min

3.2.4. BhiZBEDRIEY

e CHBTE IR L TR WS A TOEETEL 7 VT Y ORERE #l
EL 77 BB 7V TV D5 A0 PHIET# 425936, 426.629, 427.217. 430.010,
133.356 nm % FIV /2. MEEWAUL L EIREE O£/ 65 IRT. AEEER
FloBWT 34T o 7o

6000 | .
5000 F }%\ P;,«J?”;ﬂﬂé'_-}'ﬂiﬂﬁ
4000 F t

3000 f
2000 F

ToTT

1000
0

Excitation temperature (K)

bew

0 200 400 600 800

Pressure (Torr)

X 6-5 HESNEE & EhEIRE OB

RFinputpower: 11.0k W, Arflowrate: 1.0 ~ 20.0//min
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C KERETTREAVY Iy Tay P TERFRLNLOT, fiELz7 VT oK
SETEAE VYT Y HHDEL T B E & FHERTE 720 L Ly BREHTRA N
v VBN TREEL, TAPROBENLT —N—DRESITHIEL T 2,
SAFE% 760 Torr T EWA & £ 10 & > CHHRREER 100K EF L7 SRR
WEBETOBYE Vv FRRERL TR EEZLND,

6.2.5. BEFEEDATE

CDTF XTI BRI EAEET R TV R WD KEDOHEWRELIZH
MENRV, 2T, TVIY DY 2y VIENY) EHAVWTETFREORZEZTT -
770 IR BB Y 2 & WO ILDTY) DRE WV Ar (D) 549.587 nm D AR ML E
Mt 5. BEMRREEASES v 75 H v CHEL ZARO <Y b
(435.835nm) DIEAY & b, HEAIR 0.0330nm % b OH T AR L L. F7zy
BEICREHEREZ v, QSRR 66 IR,

15 F
1.0 -

05}

Electron Density (x 10 1Bem3)

017, _ . . . .
200 400 600 800

Pressure (Torr)

X 66 MEENRL L EFHEOMR

RFinput power: 11.0k W, Ar flowrate: 20.0//min

EEOLREE S KETHERLA Lo COER 6.2.3. Bi0FELMEORE
%%tﬁﬁbfw&oit\%%EM%WRU#BkﬁEiT@ﬁEL%Kt%&o
VC\ I%I‘J Z%Ki%bﬂ Lf:o
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6.2.6. TV L RNAE DL EAT
RNIEEOLMSAEHET 2720, AEKEEOMES S 500 pm ® ¥ vk —
WEBL TEESHERZTo e IRV AT A ZMETIIIRG, /oy 79 X%

et DHEME % K 68 IZ/R T,

Lock-in
Optical Amplifier | Recorder
Chopper ?
Plasma ' Optical

Pin Fiber PMT

Hole %

[{I Monochromator j«a—i Scan Unit

Z-Stage

& 67 2 fRillE sy AT A

TS5 X HA
Kﬁ@’i_ﬁﬁf, » (mm)

X 6-8 FEAEEE DR RELLE

Y2Re LATF -V LICREL, A7 -V EHEHMIC 0.5 mm BB TEELED
LRERIT 072 7T XTh D OFNKIE, K7 74 NEHTHHHZ~NES, LY
ZHEFAWTAY Yy PEKCEB L. REEAODRELT VT VO 5ERDEFR
425.936 nm. 426.629 nm. 427.217 nm, 430.010 nm. 433.356 nm DFNIRE D22
B43AF DRI %% L7ze 5 Torry 100 Torr. 400 Torr, 760 Torr O MER £ % X
69 AL 6121 FE T F 7. Ar (I) 425.936 nm DFNEHEE L AEDO MR = X

6-13 I/ T o
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120

425.9 nm
426.6 nm
427.2 nm
430.0 nm
433.4 nm

100
80

o6 B ¢ O

Emission intensity (arb. unit)
@
o

Lateral position (mm)

B 69 FEIE0RREE DR HE

RFinput power: 11.0kW, Pressure: 5Torr, Arflowrate: 1.0//min

300
@ 425.9 nm
¢ 426.6 nm
200 L 427.2 nm
¢ 430.0 nm
8 433.4nm

100

Emission intensity (arb. unit)

Lateral position (mm)

6-10 FEICHAE DER - E

RFinput power: 11.0k W, Pressure: 100 Torr, At flowrate: 20.0//min
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500

[ B 4259 nm
400+ o 4266 nm

i 427.2 nm
300+ o 430.0nm

: o 433.4 nm
200

100

Emission intensity (arb. unit)

Lateral position (mm)

6-11 FESCHREE DA T HIE

RF input power: 11.0k W, Pressure : 400 Torr, Arflowrate : 20.0//min

600 @ 4259nm
e 426.6 nm
w 427.2nm
400 L ¢ 430.0 nm
8 4334 nm

200

Emission intensity (arb. unit)

Lateral position (mm)

X 6-12 SEM5RFE DA HIE

RFinputpower: 11.0k W, Pressure: 760 Torr, Arflowrate: 20.0//min
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600 L 3 5 Torr o°°%°°o
100 Torr o

400 Torr
400 i- 760 Torr °

B @

¢

200 - < E 990

Emission intensity (arb. unit)
<
B

Lateral position (mm)

X 6-13 Ar (I)425.936 nm FEICIHEE D#RAFTHEE & FE D B
RFinput power: 11.0kW,Arflowrate: 20.0//min

ANBIIE—ETHLICLP0bLLT, [IED LA o TTI XA~ DENLEE
== | R O A O A wFO)J:ﬁtt%Lf*y;tv@#{%ﬁvJ\é<7;cZ> Thbhbb S
SATNREVFENDL I ERPEICL o THEIRINT,

6.2.7. BEZEENEEHHY

GhF2IREE D22 AT & KD B 720 1Tid, FMSRE OB Tk <, FEH
MOMmBLEE RS, Thbb . BESEEIC L 5HFRS A CTERAEMELIFE
TAHIENWTELRWD, ZHRBCOMERORELZRDL ZLETE 2w, Bl
BEDNZEF OS2 RKOB7- DR EICIONFENDH L, TTHE LiIdEEAL
FREE, BATEF MO T b ONFEREH N T, EBRICEHESMAEET
HETH D, TOFFERFELZDOANY Y 5 ICP OZEBSFHAEHER L7z, 21
BWE D Fa 2 HRl%E L8 a4 % v, Computed Tomography (CT) OF 1k
EHWTEMSA L BT L AETH D, COREBEME T T X< Oz Fl
HanTwa, Ly L, BlEAE. BEsee. eS8 EOERRE 0 # b
WRELSRETD-O, 0L 75 2 FAECES CEPRETH L, HAHERERTS
TAIDE I BRNEVT I ~OFFIRETH 5, L CTE3IE, TIXNH

-178 -



SRR TH D EVIHIRELAVT, 7T RVERLITIFETHE, ChE CT %
—KTALL 72 DT, BXIHROOAERET A LICL o T 1721 DDA
A REEFMOMEFTEL Lo TRODBDTH S,

RETIE T — VISR A 2R IC & o TRIGHE QR EH RS R 2 o
BARASHAICRHSH o7 VT Y REBEOREEREH . T, 7 —~VEHR
1213 Bockasten O HEY 2V, #HEZN 614 ~ 618 KR,

G 5 TlOTT

——e— 100 Torr
e 400 ToTT
760 Torr

Intensity (arb. unit)

0 5 10 5 0D
Radial Position (mm)

K 614 Ar (I)425936 nm FEERE ORISR

RF input power: 11.0kW,Arflowrate: 1~ 20.0//min
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- =——0O——— 5 Torr
1000 L ——e— 100 Torr
s —— 400 Torr
800 L ——&— 760 Torr

Intensity (arb. unit)

Radial Position (mm)

6-15 A r (1) 426.629 n m ZIEIREE O ZE 4545

RFinput power: 11.0kW,Arflowrate: 1 ~ 20.0//min

1200
- Q= 5 Torr
1000 L e 100 Torr
] {3 400 Torr

Intensity (arb. unit)

0 5 10 52
Radial Position (mm)

X 6-16 Ar (I)427.217 nm ZEHEH0EE O 22 45548

RFinput power: 11.0k W, Arflowrate: 1~ 20.0//min

-180-



00— 5 Torr
1000 L. —8-— 100 Torr
—a—— 400 Torr

——a#— 760 Torr

Intensity (arb. unit)

0 5 10 52
Radial Position (mm)

X 6-17 Ar (I)430.010 nm FIEohEE 2294

RFinput power: 11.0kW,Arflowrate: 1~ 20.0//min

1200
] —0—— 5 Torr
1000 i g 100 Torr
—3—- 400 Torr

760 Torr

Intensity (arb. unit)

Radial Position (mm)

& 618 Ar (I)433.356 nm FIGEE D Zia4h

RFinput power: 11.0kW ,Arflowrate: 1~ 20.0//min
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NS DRIGRE A % Vv TERBEOLEFWSME KO-, &52%X 6-19
IZ/RT o

5 Torr
e 100 Torr

Excitation temperature (K)

2000 —a— 400 Torr
1 —g@— 760 Torr
OS...,x...,i,...l...
0 5 10 15 20

Radial position (mm)

B 6-19 7 )V I ¥ EhREmEE O 4 M50
RFinput power: 11.0kW,Arflowrate: 1 ~20.0//min

5 Torr DA% W T, BIEBEIPLHTE-22 b5, SMlic@E>» o Te 72
LPETT%, #L T, BLA5H 11 mm OFG THI =2 2/RL 720 4
RIBEOY — 2 4B OO RBEHRICL > TTIABRIEIC TSI X< DEME
BERND-DTH B, LHL, BLETOY -2 #HRICHIAT 2 L iaRE
ThHhb, CORMELTIE, 7T—RVERPEZLND, TTEHEIT, T—VE
BTRPLEHERETAMEC Lo T, PAIEICKELRERZELL, 20T T
AT, BEREF R0 %04% LTWh 7w, Lo E*HETS
CREEETH L, LizhTo T, PUMPEIERECE L TWA TR S 5, i,
X 6-18 @ 760 Torr IZ B % FLES TORKMBENET 06 @ s hb, £
Iy T —_RNVEBRTIERENHE 7S5 A2 IRELTWED, TOHTAMKE TSI A~
TR, EROOZEIC L), TRV T I A FER LTI ENENS 5,
DA, TRVEROBEHBEPEL TRV Ik 5,
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6.3. CCD # X S # AVWAEERRSR TS AT IR Y X T L
BEOSHBILEIMEEL T2V 0, 25 1ADSBLIT) S eHNT i
TV, Lo T, 79 X< ORNME OEMSMEIRE 21T ) 720, B0
R 20, BHMEERE S > CHEREBE L CERAMICER T 2 LR
bbb, ENHHELIT) 2O IEEMLEEIAREKTD 5, 72, BHOGHK
HOFHARERETRHLLOND, EBICRIAMEZE» LDEANTHL LI
EVEV, I T 1A KBRE CCD I A AW, BEESH., ZHOH %
REICAT) CLnTES, MIOKRE 7SI AHAGHUE VAT LEREL. &
EL7z VAT A AEREE F — 9 ARRT AR 79 X~ 02/l s EH
T 5,

6.3.1. ¥ XF LOER”

CT \= & 2ZEMA MBI E LS 79 A< OBFBSHE IR, 77 v E— 4
BOXFRDBE LR T Y B, Shid, WESOBHKE - M2V NE (TED &
WO BN, RERVEE TH D20, BFEOBREID LV, FEFOBER
EVRESHTHD, BEDBEAVHLLL EELLR S, LA L, HEIETIATK
ERTEN MO KRIET T AT THECDL ) L AFREMER TS LIIHET
Hb, Thbb, 77 vE—-rBONXFRE, VI ABLUOREEOL KEE
Ehpwv e ZESEEMETLTLE ) 2. MAEoREEDHMICEZO7 7 v E
—LAMOXFRERETE I LI TER Y, /2, mm BMOLERGRELRL
WITiE, B L EOBFERICOVT, BO TEBELFEESLEE % 5,

COMBERBRT L7720, KPR CH/MIO 77 AxnflEhyhe LT, 77
YE—AMTHEEL, VY XRAWAERROGFEREZRA Lz, $hbb, —F
b Rz 79 A< OIS & —FE CHIET 5 BFRTH Bo BHPTHH D
METHL Y AOMERSE VHEE L bhv, $ 72, BREROBFRI TSI A~
PH—EDHHE L LI ENTELDT, 77 X305 DG & B INEAIER &
N7o JEROHEE M 620 CRT .
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—= il

(b) AHZE C B VIR
6-20 HFFRDOLE

A OBRSHEEIT) 20, 2ROV Y X f=0mm, D=50mm) &£
DA SRR E L2 EES00 pm DY Y k= VEBLT 77 A PLOFTHE
B, REROBHRBELADHCTE 0. ZHOV Y X LYY=V i
SHBWERIZ—ERE L, 985 L i3—FIIER 28ch DT 74 3T VA &
FAw TS Lne —AELFRONEEX 62112, 28ch 77417 VA 2R
6-22 7R T o

X 621 —@&EIYGEERIME]
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KT 7 ANRT VA ZEZESmm DT 74 73% 075 mm BRTIENTBY), 2

;1@%%%%mmfw5®f\7517Lf@§%ﬁ%%&15mmﬁﬁéo77
ANZEFHETIEZ L, 0.75mm HRTREL TWb7®, 77 X7 ERFERIT W
BACE, 79X b0 EED 77 A NCTHTHI &%, 1.5 mm DZE
BOBREZ R THIENTE S, TOXFREA VLI LT, FHEGDFHER Y v
N PR (Wave length) & {7 & (Position) & #6548 £ (Emission intensity) @
[EHAEE - 2HEE R LN TE D, SHEBREINHEDOFER Y v PEEICE
LYYy ¥ —avua—5 (VIDTEC CC-845)fF %1 CCD # » ¥ (VIDTEC
TM-840N) i L CHEE L, ¥ 74 7V —%— (VIDTEC VF-500) TH#ILBEE L L7
%, EF LI L, CCD H LR % X 623 1278 T

Position

i — .
Wave length

6-23 CCD 1 £ D&

BEOSHERTRETAEEL -0 MEEONED /2D, RGN OLSHEEZ
Efs 01032 vy MEFMOFEHERE NS TE2LERS L, ThbL, K
BHMOSHEY 502 vy MEFROSHRIIBHEICINTWVL, 20
MBH AR T 270, DHBOAFAY v FORIC, S50 230 MEFI 5
BT B MEECIWE S RET L LERPEE L. BFFHMERBLTH, TOH
THFREAVLI EICLoTHERAY v MHECNED L WHtEERE2HLZ &
BTEL, CCOHRATHAVEERMRET I A5HY AT b OHEHRER 624 17
Ao

BN SNERITE T AR FILLoT/X—Y FIar¥a—% (PCI8-RA) IZ
LD AT . 256 (I ) X 240 (BIE) X 256 (BIEE) 07— L dh b, ZDE,
&7 7 ANCHIET BAMEOFHREIME L, 256 (&) X 28 ch (fLE) X 1792 ()
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MY DT —F L LTz ThbE, TOYAFATIERH 10 0m OEEHFICH, 3
BHT— 4 % 28 ch R B LT E b KBS v 7 v 2 {llE 0 R,
S OREY AT LATOHEESHEIE X 0.16nm TH 572, CCD # * F D EHIAS
EEEIE K 0.04 nm TH B0, &0 VAT AOBESIEIEAHIIC L o THIE
NTBH, CCD # 2T OFBERIETHTHDL EVR D,

Discharge Tube
' | e
ﬂmgizz;ézz
Pinhole Optical Fiber
Plasma Array
PC-98 |

4—-! ‘? | Image CCD |
Monitor| VES e Freezer | |Camera

B 624 CCD # A J & AW ZBHSRT T ARDHY AT L DGR

AEBCREEREBEIE CCDAATDY ¥ v ¥ — A — FiZ Lo T V1800
0. RS EEEIL CCD A AT OBRMEDDOH BBHICHIRE NG, 2B,
CCD # 2 9 OREEI M R HIE R ORI, SHEOW2 &, CCD 4 27 Ok
RS ND. Yy F—AY— FREL LA, BHPROTY —IC L5
CCD OIS HIREEZIL Lo T, —RTR WY 2 750V FEFVWIHERKIC
EET L, HEE T o O EEI L, AXBOY v v s - FZRALTHEL Y
b o ey FEEERELTT I A<h b OESHEGEE L

6.3.2. HF v X NEDESHEERIE

Ly XA BANEDEY., SABERBNEBDE N, 77 ANORY—2EDT:
B, FREROF ¥ YA VOEFRENREREL D, C0ew, JEKRS VT %
AWTETF v ¥ RV OEFRERMIEZ1T - 720

S5 X R ARBETHMERAET Vv TEERB L. ZAT I TF v YA VHRK
05 mm BETEEL ZILHMELIT o770 KETRRS + —JF ABRT A&7
5 27 O RFET I 430 nm AHEOREEAT ) 720 . 43583 nm DAHARZ PV &
v CHlEE T o770 MENMEZ 2BE Lz, £F v ¥ A VORGETHMEELH
625 1R T o
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400
) A
: o
5 300 | Y
0 A
E \
B - o,
‘w200 %o o
=
= 100
&
0
0-nulnlxxxnl;-..l‘;;.l;..1[.;1
0 5 10 15 20 25
Optical fiber channel (ch)

M 625 &F v v 3NV OREETHE

COREEEMEY—EIT 5720, 0EHOFY v ANVE 1 ETAHIERE %
KO EHEEM 626 IR T,

2.5

2.0 F fﬁﬁf
"o

15 - %

1.0 -

Correct coefficient
gc/

0.5 -

0.0r!lllllllxllllllllllllllL‘llL
0 5 10 15 20 25

Optical fiber channel (ch)

626 &F v v A NVOFERE

LB AFHOF Y v ANVEIK T 7ANOHEBOLO, FHTERDP 27
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6.3.3. BEREE b— 7 AWRH R T 7 X DB

CCD H AT 2V EESHTIARTH VAT AV THEREE -9
iR W AR T T A< DPWEEIT o720 B FRODRELZRAND 120, 6.26.
YRR, BFEREN 627 O L) WCAEKEE O LK 150 mm IZELE L THK

MEZIT > 720

X7 7 ANT VA

627 HBFZROEE

X 6-28 I FSHEBE D REME % /R T o

6-28 FEITRE D RIENE

760 Torr = BT BTG 2 M 6-29 12, FHEFD Y ¥ v ¥ — AL THEL 72
Ny » 75wy FESHEHE N 630 KRT . BEOHFMIEIMEIHILLTEY .,
MEMRBLZ 45 nm 55 435 nm OFERIHIEL T b,

- 189 -



B 629 KAEN A#i%k 7 7 X< bHEE

RFinput power: 11.0k W, Pressure: 760 Torr, Ar flowrate: 20.0//min, Integration time: 2s

W630 Ny 2y Sy FIEEFEE

Integrationtime:2s

RIS, TRLOSNEGEECTFAE- FTar¥a— S ICHDRAALHEBREIRT
E&n@%ﬁ%ﬁ1@3&02@@%5&75i7@%ﬁ@@\msmu%ﬁ%ﬁ
1HBLIT2BONY 2 799 FESTHE, BB, BUL 7 -DHLESIES
BB LT W Do 72, B L UHOBRIZE 629, 1630 &ML TH5,
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(a) Integration time: 1s

(b) Integration time: 2s

6-31 REJEH A##% 7 7 X< 536 E1%

RFinput power: 11.0k W, Pressure: 760 Torr, Arflowrate: 20.0//min
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(a) Integrationtime:1ls

(b) Integration time:2s

K632 /Ny 27Ty v FETHEE
Ny7ﬁ§77F%%%ﬁ%bfibtfﬁf?@%%XNﬁFW%E&%K%

?o%XN7%W@%774N®%¥7$WKHWLT£D\L5mn®%@ﬁ%
HBThDo 2B, MOMEIHEEMITSS.
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2

B~
™ o o
15 N O Q.
S5 = *
Ag@ — )
Z <~ ! ]
o~ = [l
2ex @ o

A

g < S E

3000 5

Ar (1) 434.545

2000

}1
1 i
\E ‘I 1.

Emission intensity (arb.unit)

1000 b
,',y! g L : é’\
‘ L&
A A
,’;\\ 94 L
%S
I J I i i i1 1 X I - Q w.é)\'
426 428 © 430 432 434 W Q?f‘o
Wave length (nm)

M 633 KEEICBITLPEANRY bV

RFinput power: 11.0k W, Pressure: 760 Torr, Arflowrate: 20.0//min

7 b I Y DERWEIERE 433.356 nm DEED 7 IV T ¥ DFGWEENHR 433.535 nm D
Ve s B ant dolzo SOARY PVOEREMER 0.1790m Td 5
O, COVATAOKRESMI0.16nm LY, THORGHINDIEZTTHE, &
iE. 433.356 nm DFEIEE KT L T 433,535 nm DI AR DEEDLH 14 TH 5 /-
W, By 7S —EMREDRY 2y VLY DI ED - 72433.356 nm DFEARL D
BOES L 433535 nm HBEE o - ENREKREE L LN S,

ki, EBEHEELTT VTV EFROBIREOWE 217 - 720 HEEHAER
EL 7 Vv ET# (430.010 nm) OFGHEEEMSA OPAEER 63412, ASTE
BT NI VEFHR (430.010 nm) DFEIEHE RS OB E K 6-35 IR,

NI ORLIDD HREERUHTICE T I AZBRELTBLT, To0%
H AR EHDE DL TV BED, HEENMITIIREEREMETY 7 A0 HF T
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LTWa I edbhol, Thbb, TOTVIYHAOFTED LRI 7
5 AT R REEI LR ICIHEETE Tui v, LA L, 760 Torr ® & &, HEA T
TOTNIT YD HFABEIBREMNICLIZFMTIB T THo7-D T, HEEDEH
LWn) ETRTSTHD eV b

300 Torr ML E TR EEWNN FMCHERETHDY — 7 BHELET b, Thid,
2ENST ATOFRFCEROTNVIVHAFHASNRE I LILE 2T TSI XM
an N, BEAIIBES NS EICLBbDEEILND, COREHRICLY,
b =5 ATGR Y AHRET 5 X7 CRETHFBILL TW R W EDB S » &% o 72,
L7252 T, 6.2.7. 8D 7 — N VEBMBEBES TV LD Do 72,

'.4”-'3 800 760 Torr
g , Ar (1) 430.010 nm
. 700 - 700 Torr
g
& 600 - { [600 Torr
> 500 | \
=
w2
¢ 400 k-
)
i
S 300 -
g 200 .
o o
%A
= 100 -
S
= 0 b
0

Lateral position (mm)

M 6-34 BESWNEE L Ar (1) 430.010 nm OFEIEEE 2545 0 B4R
RFinput power: 11.0kW,Arflowrate: 20.0//min
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800

14.0 kW

Ar (I) 430.010 nm

700

600
500

400

300

200

Emission intensity (arb. unit)

0 10 20 30 40

Lateral position (mm)

6-35 AJJE & Ar(1)430.010 nm DRYEohEEZe 54 0 1%

Pressure: 760 Torr, Arflowrate: 20.0//min

TNV D 6ARDEFF 425.936 nm., 426.629 nm. 427.217 nm. 430.010 nm.
433.356 nm, 434.545 nm DIFIGIE 546 % v TR IRE OB 9% 23K 12,
AT TETT & BRI D ZefI5T5 DRI % 19 636 127K T |
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Excitation temperature (K)

Excitation temperature (K)

9000

TEYT

© 8.3 kW
8000 E' —e— 9 7kW

7000 [
6000 F
5000 F
4000 F
3000
2000 F
1000

0',...1....11,1.1.
0 10 20 30

Lateral position (mm)

(a) RF input power: 8.3 kW, 9.7 kW

9000 ¢

40

F —o— 11.0kW

8000 | o 1o5kW

7000 - —t— 14 0 kW
6000
5000 |
4000 |
3000 |
2000 £
1000 |

A 1 A 2 1, " 1

Lateral position (mm)

(b) RF input power : 11.0 kW, 125 kW, 14.0 kW

1 6-36 AT & BRI O 22 M5 D Bk

Pressure: 760 Torr, Arflowrate: 20.0//min
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FEEARE LT . HEESMIER A IBED Y — 2 BRS Nz, AJI 0HINIC &
b7%oT, ELIOY— s HSOBEN LR L7, Shid, WEEO/NREHS 2
ARV, LV KREVWERRICL > TMBRINLDID T, BYULUEER L
B 1 b, WELSNEIT & BIREBE 0o OBR % B 6-37 ITRT,

9000

—o— 100 Torr
8000 f —e— 200 Torr

7000 §
6000
5000
4000
3000
2000 F
1000

O'.‘.ll....x....l...l
0 10 20 30 40

T

Excitation temperature (K)

Lateral position (mm)

(a) Pressure: 100 Torr, 200 Torr
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Excitation temperature (K)

Excitation temperature (K)

9000

8000
7000
6000
5000
4000
3000
2000

1000 ¢

9000
8000
7000

6000 |
5000 |
4000 |
3000 ©
2000
1000 :

1 Aranendd, % PUTS | A " M A 1

0 10 20 30

Lateral position (mm)

(b) Pressure: 300 Torr, 400 Torr

40

——0— 500 Torr
r % 600 Torr

| TS VTS N SR S W S |

0 10 20 30

Lateral position (mm)

(¢) Pressure: 500 Torr, 600 Torr
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9000 ¢

F —o— 700 Torr
8000 ' —e— 760 Torr

) :
5 7000 ¢
£ 6000 f
3 .
8 5000 -
qEJ :
2 4000 ¢
k= :
g 8000 ¢
g 2000 ¢
€3 €
1000 -
0 ‘ L ) A 1 3 1 1 1 i 2 A i i 1 2 A i 'Y
0 10 20 30 40

Lateral position (mm)

(d) Pressure: 700 Torr, 760 Torr

B 6-37 MAEE XL & B mEE D22 H oA O M5k
RFinputpower: 11.0k W, Arflowrate: 20.0//min

BEEFLHTEIREL»Pb ) %, 500K T—Effiz & o/, MEEAN
3 O MBI RT OB L7245 - T, 400 Torr ¥ Tik B & L 7%, 700 Torr LA £
THWMET Lz, 2L, HEENAOREY - /80 TRREL 2P0 6
T, #6000 ~ 6400 K T—Efli % & o 7245, 760 Torr Tid 7000 K 1 LH-L 720
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64. TEHEBEBE N —SATRARBGE TS5~
CEHEBE - ABRT AR TS A CRINBEORBICAV 77 Y VIR
L ORESPLELE TS X< 0ORNEE D & URIRIRE ORMZEL 2 fllE L.

6.4.1. AIEY X T L

BIEZ4TD 430 nm fHETIE 72 ) ViIZIZERTH 2720, €BHRES T
BB E LTHW A7 2y vz #E L T HEEHHE» 57072, HIEY AT A
DHEREH6-38 IR T o HMBEDLYILDORBIEET 74 N EITEBE L, O688%E
CETHEWRE, BV Y X2HVWTOHBRDOAFTAY v b BITEBRL 72, 0064
L BEEE 500 mm @ Czerny-Turner ) & @ (HA 58 CT50-C) # v 72, )6
ETHEFEEILOETROY I A V7 v 72 HAWTHEIEL, Xt Va— 5Tl 72,

Lock-in
Optical Amplifier PC 98
Chopper
Plasma \ ?
Optical PMT
: Fiber . -l
g = <§ A Monochromator je— Scan Unit

"~ Acryllic Break

K638 CSBNEE S AR TAMBE TSI AxDllEEy A5 A

6.4.2. PILT L RNIREDRES

HEER L LD I XITonT, TVIT U RIEREORRZELE e L 7z,
BB ot &% ZE LT, Ar (I) 425936 nm. 426.629 nm, 427.217 nm,
430.010 nm. 434545 nm D 5AR DA RY b VIZDOWTHIE #47o 2o BlEKRE
1 6-39 2> 5 X 643 127" T X 6-39 IHMBEANRENEIL L AbETRL TV,
B, BIEFIHEHDO 0s 2 ORIBEFHBD TV D,
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Emission intensity (arb. unit)

800
700
600
500
400
300
200
100

Ar () 425.936 nm

8 Intensity
] 800
K ' Pressure -
2 - 600
) - 400
- 200
0

-10

10 20 30 40
Time (s)

X 6-39 Ar(I)425.936 nm SR & KE DR 2L
RFinputpower: 3.0k W, Arflowrate: 0 ~40//min

Emission intensity (arb. unit)

800
700
600
500
400
300
200

100 |

Ar (I) 426.629 nm

-10

0 10 20 30 40
Time (8)

B 640 Ar (I)426.629 nm FEXE5E D RIZ1L
RFinputpower: 3.0k W,Arflowrate: 0 ~ 40l/min
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Emission intensity (arb. unit)

Emission intensity (arb. unit)

800
700
600
500
400
300
200
100

Ar (D) 427.217 nm

k”"m“\

J

10 20 30 40
Time (8)

(o)

-10

X 641 Ar(1)427.217 nm FIE58E DB RIZAL

RFinputpower: 3.0kW,Arflowrate: 0 ~40//min

800
700
600
500
400
300
200
100

Ar (I) 430.010,nm

N

-10 0 10 20 30 40
Time (s)

K 642 Ar (1) 430.010 nm RG5O REZE1b

RFinputpower: 3.0k W, Arflowrate: 0~40//min
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800

= Ar (1) 434.545 nm
=700 F
o
8 600 oA
3
IS 500
§ 400 -
o
S |
w 200 r
£ 100 f J
0 . \ N A

10 20 30 40
Time (8)

-10

o

X 643 Ar (1) 434.545 nm FECHE DR EZAL

RFinputpower: 3.0k W,Arflowrate: 0~40//min

LETDANRY FLIZoWT, BEFBHRE2~ 3BT I DEHRBEICRLEE
BEOV—2s»Ebns, chit, 79 Avwb FIFBIAVE Oy v rEED
y/f 3 77'&:“‘@(?—50

6.4.3. EHEZBEDEEZE{L®

MEIO7 VT U35RER, HEkER2 7 VT o¥—s B EE L CllE %
7ot LIz T, R ENAHOMEE T VT Y EHNOFEN, T2 bbEES
LB BHREAEDBESSALHEE R TV, 22T, BREBELRKDBICH
oo Tk, EHGOBBLRI B TEEL LV, 23T, REBELHARS
VOFELZWER, &2 T 431.00nm & LT, B & 7 U4tk Tl tiafE o
R AL ZWE Uiz, BEE R 644 1TRT,
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800

= Contimun at 431.00 nm
= 700 F
=
£ 600
&
§ 500
w
g 400 F
; 300 -
8
@ 200 |
O A 4 1 L

-10 0 10 20 30 40
Time (s)

644 ERCFEIEE DR 2L (431.000 nm)
RFinputpower: 3.0k W, Arflowrate: 0~ 40!/min

WEEOIRE L, B &b IHENT AEANR LN, Ll TATrER
Ry, 70y 3y FRBECHIST BRAEEDE — 7 BB S N2 D o 7o FiE
DTNV RBHHE DS & OEFIORE LTIV 7% Fv T, BhRZIEEE DR 2
beRD7, FHRZH 645 IT/RT,

HHTRE DA L RIS, BREED 79 Xv0yb EIFRICT000K £ 8z 5 ¥
— O HER ST, Tu v F v SRR, BERAOME R L wizd
LT, TIVIVORNEES LUOMERERXLOICKEL I ENL, TV
X UTREN TSI ATDERICES TH LI DN T TATDNTA—F b HHERR
ENhb,
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8000

3
§ 6000 Temperature
w®
; ]
2
g n = 800
B 4000 Pressure w
g 160 €&
=i . o
w2000 - 400 §
" ) 70
2 - 200 é

0 ' : : : 0

-10 0 10 20 30 40

Time (s)

645 7N T UEhEIRE DR B

RFinputpower: 3.0k W,Arflowrate: 0 ~40//min

6.4.4. BFEEDAE .

ARBEE DR EFk KEOBMORGEIBR SN o720, THIVD
VA I NIIEF)E BV TEFEEOMEZITo7z. WERRREDNGEKOVT
fTotz HERBOBEIH WIKEKET >~ 7D Hg (1) 435.835 nm D AR |
VR %K 646 12, ¥ 27 Vo [EA) OFIZEICH 72 Ar (1) 549.587 nm DA
M VIR % ] 647 ISR T o

(646 DRPEAERL ) HHALADHEOASAY v MEE Bpum & LIHED
2E ML 0.0520nm THhot, Flo, THWT DX RY FIVIGIE0.0867 nm TdH o
72720, BFEEIZ161X10% ecm® bk otz $72, COBFEEZHVTL ¥
1LBEERD DL L 850K &% o 72,
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400060

30000

20000

10000

Emission intensity (arb. unit)

T

1

PRI It

VAN WU UEUE B e 1

4357

4358 4359 4360 4361
Wave length (A)

M 646 Hg (1) 435835 nm D A~RZ h VIR

120

100

80

60

40

20

Emission intensity (arb. unit)

PR N W T T

| SIS TN VT W N WHAT U SN S WY WO W SHUT WU N YUOr SR W

5494

5495 5496 5497 5498
Wave length (A)

647 Ar(1)549587 nm DA RY bV

RFinput power: 3.0k W, Pressure: 760 Torr, Arflowrate: 40//min
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6.5. ¥ 5

651 &
AEBLUECBERBELZHVZ =9 ARTAMHE TS X208 W T, A
ﬂtfﬁf?@%%ﬁ%%%#mfétb\ﬁ%#&%mwTM%%ﬁot9

(a) AEBEE b — 5 ARV AHH T 5 X<

WERICBEL 2 AEREE k. WEENGAE L 7V T U8R, BhAtiReE.
BTEEORRTHE L TOMR. REDER LI o TV TR OED K X
(b edb, BV FORRIFERS NI,

1BDGNERE CCD #1 2 7 2 lWT, RS, ERSMBINE R FEICTS & &
NTED, MOKFIETI XATEFHEY 27 L 2R L, AENES -5
ATCARHT R #6875 A= DPE 24T o120 FOFER, BARFY O 7% v, SME
DT ITAIHPERTETNSE I EWFER SN, TNV DRIEED RS %
WEL, 79X ryF2llZ L, 7o, BIREBERT VT Y oBER It ¢
BN RPDOT, TVITY ORENEEIREOMETREVI Ebh o,
CHHEBEEAENLT VTV L o THEAIMMEI N L TL 20D THD LE
Zbhb,

b) EBMEE b — T ART AHB 75 X<

ERBEE -9 ATERVTA#FE TS A~ CRHBRBEOKZICHNE 72 1) ViR
il L CHREE D LHEE Y9 X~ DRHE B L UBHEEIRE ORI/ 2 JE L 72,
TOFR, 77 X DILL EWTRICENGE S L OBERBEO Y — 2 298 S hz,
IniE, TIXTOERICHWE7TOy 3V SRIBORA E—%T 5%, Ty F
Y URBERIIE, EFLOMEIIEEL ZWCb b5, TV T Y ORKIEE
BLUBRREZE SICRE( DI EDNL, 70y F VI RIEN T I I DEH
A TH DB TITATDNING A—Fhb bR, /-, BFHEELH
B LR, KRECBVTHERES L 13IZFA% D 1.61X10"° ecm™ & v 5 #IE &
Reifio,
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() 7T XAINT A — ¥ DHE

AFETRVWLOPOT I AP OVTHBOREEIT - 7o HlEER s &

61T LB,

K61 KRRETI IR DINT 2 — 4 g

R ANES | RTEE | mREK | ¥ ADEERE| 4 4 ALRE

(MHz) GW)  [(x10%em®)| (X ® ®
3 % Ar - MIP 2450 0.070 1.46 4300 2800 7980
4 % He - ICP 40.68 0.70 0.069 3900 2100 9800
6 B AXBEE 2.0 6.5 1.56 5200 - 8030
6 ¥ SRAEE 3.3 3.0 1.61 5000 - 8050
29 Ar - ICP 27.13 1.0-18 | 0.2-4.9 [4000-10000 3000 6820-8900
= Ar-MIP 2450 | 0.075 0.38 4600 1100 7160

He - MIP 2450 0.075 0.04 3300 1300 9450

EhEIREE & BIERRBE CHEL 25A. NI AZIXARR T LT & ) b A%L
WL 20 % BERWESE LA TWE A, BIHE TR VI0 L TFOMEL»ELRT
v, L L, BTEES S LTE 2058 LCRHEL 74 4+ LR & BT 5 &
AN T AT G AT DTH 200K BEBMEARL TV S, LEdioT, ShbikA
VI ADA F AL FNVF =BT NIT L) &L, BTHEE LIREO L4l b
BB DIWELTERTHIEELLND, TVITVTI A Don THEE 4T
Dl BEBRADED PP DT, BRZA%Z0REEEELRAT VWS, Bk
BRANEBENIRERETBEEREDTIAINT A -5 T nd, ERsns 7
TATDOBREICEBRT B, Thabb, KBOTS A< 24 HT5 70 AR *
B ANBHERELSTELEND D, Lizdso T, KEFEBE TS IS
REMET AHACE, ERLZVT S A ORI U TR0 BERE B %
RETHIEDVEETHLLEEZLND,

6.5.2. SHEDRE

(@) CT IZ £ 5 79 X RHHIE DR

PR TIHT I A DRER 1 HED» S OBBAMEICEE F 07255, 8~ 105
MLl L o> #A% 08 24 R % B v uid Computed Tomography (CT) OFiE % FHw T
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TIARWEORNEESH*BEERT L ENTE 229, 2 B BEATS X
YT JET R ECBWT CT 2V 7SI XA DEBEREE N GE s N, 75 X
< AR ORFEIFIAE S hTv s 9%,
DAXA=TA VT T A EHNTHEY AT A

CCD A AT ZMVIT I X HAEY AT A ITBWT, KPR TIEAE CCD
ARXTEHCID, AXTOMERILT A2 0F v ANV T L— b (MCP) B &£ 0%
ATV =&V B4 2= 7774 % (1L1) 2BRETHIE., LoRLH
ReREW LS €20 TESL, 2OHRE, BENY A7 ATk 2RVET
HEIMERH LB O BOF - FRETTRICTELEEZLLNS,
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FFETRTIATHADRMeER LIZBES 2 W, BEES L CHRER
RORL D SEEHOARKEEER /S ARPFEORES T o770 ThbbH, 2450
MHz D4 7 R ZRHWY TVRTREESR< A supEH¥Ess X<, 4068
MHz OEEE % A7 RERIR MR ANy v Asklig 475 X~ # MHz D5 fE
BERCTARBEEBLUSRBEE M~ ARRT AHZE TS A< ThHb, K
ML T, IO TIATFEDEE, ThPho /s A< FECERINS-TI X
YOEAREULHL PITELOOGNEE, BLUENL OBAICD WIERE %
fTolze ¥, F2BETR T AOEH., MEEES L AR CHW-REE
75 A= DB DWW TEAR L 72,

EIEUBEORETELNLHEREZLUTICI D S,

BIETIE, 20WRHRENMEKEN THOBERABOEEBEBEANTETHY, 7T
AR MEEOPLE ECEEREI L EDTEL, FIVETHESRE <
A7 0EFET T A DRFE T o 720 HIRBFEZH/ET B ICH7- 0, 3K TEELN
WEOEREREZ AW TRIESHFHOTRAE 2T o770 #OE. BB CAE
BT 2 /ES C & CHIRIBZNOEFRIAEIL 25 ~ 30 % WINT 2 = LWL ML o
7o HIREHBMEBBE O, FERE OBEFRL FOSFEERICES W THER
CRE BUEL 2o BIELAMIP LBV TAK S 3 /9 X~ QipERRE, HEi
EBIVETEELONATFELHCTHE L, $7-, QIR LEBEFEELHAVT
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