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To overcome some problems imvolving the argon ICP-MS, helium ICP-MS device was devel-
oped using an enhanced vortex flow torch. Because a secondary discharge in the interface
region is the main problem for practical use, we constructed a new vessel for measuring the dis-
charge. The basic characteristics of the plasma in the interface region were measured by a
Langmuir probe method. The electron temperature (1:) and the electron number density (7.)
values at an RF input power of 700 W were 2.7 €V and 3.7 X 10° cm™?, respectively, for a position
6 mm from the sampler orifice. The T. values were higher, but the n. values were much lower
than those of Ar ICP-MS. The probe measurements also indicated that the Mach disk position
in this device was about 8 mm from the sampler orifice.
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Ar ICPMS ® % 9 —2OEIE, 7A T VICER LS
BOWESF VICEIBEARZ MVFHTH L. 01
&, BN A & v LRSS 5 A HPICHFEET 5, AR
AFVRGFTAFT VLo THELLZIDTHA. BRI,
88ArHJr, 40A1r+, 4kOArmOa qur%(,ll +, wAr'mAf v 7:,
FATYORMERL T VT VICEET S5F A4+ v a8
¥RY, Pcat, PFet, PAs", ¥Set lzERENTHT B,
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He ICPMS 13 1987 4E® Montaser 5”12 & 2 HAH O
LISk, OohOREY BB RINATHS, LaL, it
SEORFZETIE Ar ICPMS H OB B 45HT 518 C He ICP 28
MLABEBEEZHOTWAELD, 1 y¥—7x2—RAHTHL
WIORKMENEL D % EOBBEESE L TBYPIITY,
HAEFETOHOE A He ICPMS IZEHLENDIIEE ST
W, AR TIE RBE DM AT 5 AR L L
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2:1 He ICPMS

EEIIFIZ, 1) REREFOTS XHEERE, (2 K
REDPLEEADAL V¥ —T 2 —AHE, (3) BEZEHOD
BEROWER, 2o oh, FEOERERILT T X< HK
WA B THED Ar ICPMS & 1ZIFIEETH 5.

75 A< ABRBOBEEEERICIT RSN 5.0 kw, 3
R P 40.68 MHz OB R FE A (OS— IV L3, RP-
5000]) ZMWiz, FEIAALVCIF45—rD1/84 ¥ F
84 TEAKE ALV (F— Y NE 2 mm) ZHW.
TR L AL VHOBRERE LN TH:0, #FHEa
ANDT—RRF Ty ra—-vHllk Lz, Bikie
TANDRyF VTR E LD, HE (13~300pF) &
WF (20~500 pF) DZOOEZETED Y F ¥ — & fE
L7z ICP b —F Zidfm R imMLE He 1ICP b —F"
FHALL. 79X HTRAEF Y)Y —FATENETN
101/min XU 1.0 1/min OBFMENY 7 AT AL L, AHf
ZETIEAEMIFEAL T,

KAGAKU Vol. 49 (2000)
2°2 HeICPMSHAA > 5—T7zx—2X
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5. L2 L, He ICP # HESWICHAT 556, HHEE

OB AT EIET IO Ar ICPMS O OERERTE S

B, TN T &N T AT R MR 55 D B AR P

WAV, 4 V=T 2 — AR EENLETH

59,

% O Ar ICPMS #EETIE, ¥V 7 9—F1) 74 ADH
i I mm WIS 5 TWBDE, 5000 K D Ar ICPMS C
BHEZE I mm OBE, Ar ICP ORA AHE (15~201/
min) £ L2 VA%, F21/min DT T AIH AN
Ay —72—AEASNRSEY., Zhicx L, 3000 K
@ He ICPMS Tid# 8 1/min DAY 7 AHEA 857
W, 75 A< FRICEROZRS ARSIEHISEASN
LA feMED S 5. He ICP DA AREZ LIFAZ L8 TE
NEH Y TSI—FI 74 A% BENAFRBLEKBTES
A%, BOOOK DAY T LTS AR ERTETH, HE
mm DY ¥ 7T =55 61/min DAY 7 ADFHAT
B, LdoT, MARZIHT 20123077 —#
BNSLTBREND L. T, BT -BHPELEE,
Ar ICP @ # AR % 3000 K'”, He ICP O F AME %
2300 K*® &35 &, He ICP TEA SN 5 THIX Ar ICP
DF;3.64EE %5, 2F D, He ICP DH.LEOGHERK
BEGALTIARENREILSG Y T) V7T 57201
W, Y 79—F1) 74 AFEMSL, A V=T x—
AEBOPERREE R E LT HLENRD 5.

ARIFFETIEA ) 7 4 A8 0.7 mm, #HA 120°, N
100° DR v 7S5 — % Wiz, 72, HEO Ar ICPMS
TEA V¥ =7 2= AHOFESIHERE 300 1/min RED
\EER Y THHW ST WBA, KEFFETIE 1500 1/min
DAHZANT =AY =R T E 3201/ min OEEER 2T
ZHEFNCHEA L7, 850 I/min OEEER Y 7O A% M L
7oA DR EEZEREE I 10 Torr TH o 7225, TOLEHEIC
XY 26TorriCFTmENS., BN (1) 2HVwE L
10 Torr BT A< v T4 A7 OFEIZH 4 mm & H#EE
XENLTD, FOLERICAFY—2HETLHZ LIEEEL
R TH o 7205, 2.6 Torr TIEH 8mm &, WD Ar
ICPMS L MBEOMEIZT S EHFTE.

2:3 BIEFHH

TRIRESEL DB EAL VI =T 2= AEAD T T A<D
IANE—NLRT L0, NERERSTE (QMS)
W EESWEE CIEARZ MUDBIEDY, BB
BEL BT Lo T, ZRINEBOERK & A,
FOMBRERFT) 20IEA VI —T 2 —ANT T X<
DEENENATRTH L. T, BEISNT OGN IEE
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i, 75 —-CTELLBERBET yNT 4 A7 2K
FTHMBEEAFT =T T4 AL OMMIMBICKE 2
FZBYVD, FEEHELOHBEHNEY, He ICPMS ITBWT
IYNTF A4 AT DR ENLMENER S22 v ) i
Li&ux'
4y&~7;~mei§Xv@i&%@WﬁT%kb
alE, Sy rIarru—7lE, HIEEME
klél$W$~Mk#%K%ﬂ%.ﬂiﬂ%1771

WCREE 527, ZESBERICENR, »0E 08T x—
7 —DOWMEIZER 2 TETH B, 4y9—7;—fo
WFHFOBEINE L, MBI RFEMEI/R SR
o7z, FHIEE W&@ME%#i§<&éﬁbai7xv
FEL, FREMAMEDKI LS. BIZ, 1+ UR8T
DIANF—, TbbEERRETE LN, BEOMT
fEZRDDZEZWETH L. 22T, FFE TR
-7k MEEEFRE L. BE, ICP O L) Rk
BEEPR - L2VERER S AvOWEIE, Ta—F 1
TIU—TThAHT IV Ta—ThEHEwLRE,. L L,
AR CTIIEERTRTOWETHY, AHELEEERE L
THATEL D, BEgIos v 7327 7u—-7%Hw
TR EIT- 72,

Tu—7EBELT, EE1.0mm, B 20mm»¥
YITRF R L BREHTIZ 30005 300V ETH
BEZEIMNT A LAWERTH L., Tu—-7T0BHK-BIE
HEEEZMET A &I2L 0T, ZMEBAL (space potential)
Vi, WPHEBENM (floating potenual) Vi, BTIRE T., BF
B n HDNFGRA—F—"RDBENTEZI™, 7

0=

Interface for helium ICP-MS and experimental setting

U— 7B 10kQ OEIEA L TCEREICER I, K
Mo EN 70— THMELE EHIZTFY I VTR
A—-7H LA E XYy Va—F—IliFgEins.
BELEANVI AT FIAREAL V¥ — T 2 — AR 0
— 7EE O T Fig. 113RT. 2B, KFETIEZSL ¥
=7 2= AR TTO—THEETH 72D, Ax<—, &k
CHEL v AL REOWZERIZEE L T,

3 MERRUEE

31 AHNEBEHDOH

INSDFERRWC, AHEHEHEEEOBRZHE
L7z, 7a—7HE (FrT5—F) 74 ApbTu—7
FCOMEM) X i=6mm, Yy —7x—ABWORER
p=26Torr & L7z, HIEFRZ Fig. 2, RO 3ITRT.
AJIBII% 400 55 700 W T THMSE R L, 2HE
iz LA L, BHEEMEZRLPTRT2EEPELN
7o, ZRBEAL & BEBMOZIIRE L BERET 0T, Hik
DBTEEOLAL R LIENTHHEELS. T,
ANBIIOWMIH > CTETRELETEERZLETL
1.6~27¢V R 8.1~87 % 10° cm™® & IFIFHFRICHM L
oo TNEADNENZHEMEESZ L TRAETD He
ICP DBHERRENLATZ LW, FTVTa—T1C
LBWWEREPR ORI BWEHEYE —FH LTV
5. KEEHe ICP1Z, ¥ 7 Vv 7a—7i2k 5HlETIE
400 2* % 800 W F TETIREE 4900 ~8900 K, ETHE 5~
14 X 10%°em ™ TH D, 45T X 5% TiE 500 55
900 W T CRIHEIRE 4000 ~ 4200 K, BT HE 6.3~ 6.6 X
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Fig. 2 Effect of RF input power on plasma potential

Probe position: 6 mm; Plasma gas flow rate: 101/
min; Carrier gas flow rate: 1.0 1/min; Pressure in
interface region: 2.6 Torr. O: floating potential;
®: space potential
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Fig. 3 Effect of RF input power on electron number
density and electron temperature

Probe position: 6 mm; Plasma gas flow rate: 101/
min; Carrier gas flow rate: 1.0 1/min; Pressure in
interface region: 2.6 Torr. O : electron number
density; ®: clectron temperature

10%ecm™P Lo TWARY., ChHDELIETAE, £~
=7 — ANMOBTFEEIIEL, BFEEEIHSIT
AENMETH 72, REFETIKBITS He ICPDT T X
RRT T VIZ 50005 800 W T, AJINT— D
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HFOZAINE—FTHhbLbLEBIIERINL LV A+
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Fig. 4 Effect of probe position on plasma potential

Plasma gas flow rate: 101/min; Carrier gas flow rate:
1.0 1/min; RF input power: 500 W; Pressure in inter-
face region: 2.6 Torr. (O: floating potential; @ :
space potential

IANF-OWUERRE LD, BTREIEL S ko7
BRI, TREEBUANC, CoORFrIvy0ESLHS
EEZLNS. T, BFBEEMNNEL ZolemKOER
i, ZRBEENELLTELDICT T RS (ad
VoY 7Y ) 74 AETOHER) 2 K& LT
WL ETHL., BED Ar ICP Tid 10~ 20 mm FRE D
FbhTBY, 10mm & LEBEDAL V¥ —T 2 — A
OBEBFEEIELS7 X 10%em P EMEINTWE. Zhic
% L C He ICPMS TiE—#&AYIC 30 ~ 45 mm O HiEA
ENTHH!I? KR TIZ 45 mm &£ LTwW5h. OH
Bom Db, ZXRELZWHIL, ZOBEEEEZ/NS
ST BLERDDLEELOND.

32 JTO—-JRBOFE

RICH 7Y v r7a—-rikmEh s 7u— 7 TOEEY
=4~ 18mm OHEATELIETHEEZT-72. ANE
HIEBOW, 4 V¥ —7x—AWORFIL 2.6 Torr & L
7o. KER%E Fig. 4, RUTBITRT.

AL, FHREM L D ICHEBENRE BB ITHE- T
AL, BEEEP8mm DL S ICHFEERMN, BETRE, BT
BENENEFNRELSE L 0T F7—FY 74 A
BRYyNT A A7~OKEME | (mm) X, Ashkens 512X
5T, AV 74 A% D (mm), Y74 ANOMET p
(Torr), 4 ¥ % —7x—AWHEHEN p (Torr) ZHVTK
RTRLENRTVED,

1= 0.67 X D(po/p)"* (1)
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Fig. 5 Effect of probe position on electron number

density and electron temperature

Plasma gas flow rate: 101/min; Carrier gas flow rate:
1.0 1/min; RF input power: 500 W; Pressure in inter-
face region: 2.6 Torr. O: electron number density;
@: clectron temperature

A28 —=7 2= ADKEDV—EDHE, SINTAAZD
MEEAFY 74 AZRICHBL, T 74 AEDPFE UHEC
34 V=7 2= ARNOREICHILEIT 5. EBIFETI,
D=0.7mm, p="760 Torr (=1atm), p= 2.6 Torr 2D
T, [=802mm &% 5, LT, SmmO7Ta—7
BB B EMEMOEIET v NT 4 A2 L B

ThHAHEHEMNTES.

TYNF 4 A7 OLEREITE, Su—-TNBIC TE
FHREZEAL, EFEERIRI L AV F—T7x—R
FRICEA SN 79 AP EBENICHEBIRZ T2, %
BRMVED 2RICKEFALTEITSIETTHY, Ar
ICPMS T EBICZ D X ) 2 EBRBERIFME ST
%7%%, He ICPMS TiZ, ZhIIEOBSIBN S -
2. TORERYA V¥ —7 2 — ADYBTEICOWTIE
BERFTTH 5.

33 A4 —7 1 —ABOREDNE

£ VF =Tz~ RAEBOREE 3.0 55 10.0 Torr ¥ TE
LXECREEIT -7z, ATIEIEB00W, Tu—T7(E
X 6mm & L7z, ZHEBEMROFEEMOWERRZ Fig.
6 1RT. WTNLBRED 4~5 Torr D & FIMEIRWA L
7e. N(1) WEBRLHEZEHTLE, =6mm L LB
FiX 4.6 Torr TH5., LEhHoT, ZOFEEED %%ﬁ
HREIL—HLTVA, XoT, RMEARHD/I T A—
¥ —DBE, SONTAAIZORERIILL2EDTHS L
FERR TR

INSOREREHRIZ, TE-TIIVEELZY Y NT

WE, &F, BH, BH: 50/ I a7 70T EFHVAANY T L ICPMS A V¥ —7 2 — ARSI A<HIE 873
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Fig. 6 Effect of pressure in the interface region on
floating potential

Probe position: 6 mm; Plasma gas flow rate: 101/
min; Carrier gas flow rate: 1.0 1/min; RF input power:
500 W.  O: floating potential; @: space potential
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o

8 10 12 14 16 18
(po/p)]/2

Fig. 7 Effect of (p/p)"* on Mach disk position

Plasma gas flow rate: 101/min; Carrier gas flow rate:
1.0 I/min; RF input power: 500 W. O: measured
value; broken line: calculated value from equation (1)

1t A7 DWEME, (po/p) DBRE Fig. 7I1ZRT. H
ORI (D) IV ROOLNIEHRTHS. MLY,
MEERERX(1) »PORDLZEREFILL—-FHLTWE S
EBGHB. INICEY, T9NF A4 RABOREICH
BESu—T%kFHT&EAZ &, 72 Ashkens HDOR (1)
A% He ICPMS (2 b #HTE % & LN EBIITIR E Tz,

—HREIZIX, BELY ) DR, A¥T—
1D 2/3 DNBICEBENLOFBETHELLEELZ LN
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TWRYM, SF Y, p=26Torr D¥E, REETIE
53 mm ffENEBTHLIENEHLNE o7z, HL,
SHBREDOREE R RBALITIE, AR—F—DEZITL->T
AF Y —DONBEREESE, EBEOEBEIN 2T BES
H5b.
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