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Measurements of Atomic Beam Flux of Rare Earth Elements by Means of Surface Ionization
Koji TAMURA, Hajime ADACHI and Takemasa SHIBATA
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Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 20, 1998)

We have developed a compact atomic beam flux monitor by means of surface ionization. The
property was studied by measuring the various rare earth elements (Ce, Nd, Sm, Dy, Yb). The
proportional region between the beam flux and the surface ionization ion current was observed for all
elements, which indicates that with this monitor atomic beam flux can be determined from the
observed ion current. For Nd, Sm, Dy, and Yb, ion current was proportional to the beam flux of 100~
200A/s. On the other hand, the ion current for Ce saturated at the beam flux of 30Ass. It is explained
that since the vapor pressure of Ce atoms is low they do not desorp fast enough from the filament and

the filament is covered with the atoms.

Keywords: Atomic Beam Flux Monitor, Surface Ionization, Rare-earth Element
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FHEBEE A F B E L TRHWEEREFE— LAGHRNEE, 1EROKBIREF
EE 2RV BRI, IREEENE B HEORSELHNHETE S,
ERMEGRICERTES, REQFREEFT 2. NdZHWEZAREICEKD, 7
A TIANERZTH LTS EICKD. 30As BEETOREHEICTLHAIL
et A BRENESN, £-, ETE—LMATHE LS 100Hz 0RELE)
HEIETED I EZ2RLUE[]. 28HE T AREBOERALLEZEEL. B
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LIZDNWTIE, SDBEVNREHETH A ERVBEHIT 50 ED MR,
X512, Ce, Sm, Dy, Yb D EFE—LAZHWTZEOREZHAN, kgD
FERTEOETFE— LABIEDORREM: 2R,

2. EE

M1AELZRETE-LRHESBERT BEIINE 22mm ¢ D —)V KRR

WAL T AT A RNEAV T F—BRBERBAALLZESDTH 5, BIREE I
BHE 026mm. £ 22mm OS5 BV T ALMAYIITAT>T 4L TA B
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DERBETRMEZN2ICRT, ZITOBELX T4 T A2 Ml TEBEBRIE L
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2000~3000K T 0.30 &L7Z[2l. 74 FA NERETOHERMEEZK
3IZRT,

FHFE—ALE, BRHEHETHOEX 10mm Oy "M SEALZ, 74 T A
CREETA A MELERFZ, 74 A bEEBRIIHIH, -225V OH
BMNEAEIMUZAL 7Y —BBICEDRE, ALY —BENS D1F ERE
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T4 IAPANOBBERIIE, BBEH AR ECEAINY I TSR T F
VO ERMNES NN, JERIEA A EFTICERTEVWEERSTZ, 7
4 I A RERMN 7T.5A LT TIE, BEFHOEGHERICL > THEORFHEICIE
FEAERIT R, BREICHEZITDOZENTE, LML, T4 A2 B
Bifiz SABREETHNMEIETR2E NI TS RITFIVINRESEH LD,



JAERI-Research 98-020

BEBBIENTERL B2, THUL, T4 TANIEENBLZULDRK
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EBREBOREZN4IIRT . HHETCROETFE—LIZ. WInb3DIE
FOE&BEREZ2ETFE—LAMBAQKV)T B Z EICE DB~ 72/7L Ce i3, Bl
FIMES U BRIEDBBEND T, Ce EBODETFE—LMATIZHARREEE
5T EINTERN, ZD2D, Ce ZERIERZILEY VAT 2ETFE—
LA TEZEICEVEFE—LEHB [8] ERLEETFE—LICEENSZ T
T A, BREBRIZ-50V 2ZHIMNT 2 Z EICE DBRW=[4]. BHEBIZZDIED
Lk 425mm O ETAITE N, £, REBEFAUESIICEE L 2KRIEET
BEEE (HEEZEREMN () %, CRTM-1000) T, BETEY—AHHE UTF. &
FE—LEBEERT) ICHAIT 2EEEHEZ FRFICHIE L 7=, ‘
Fl, INETRKEFE—LMBTERL Gd® Nd OFEFE—LAIZIT, B
{EMENZEAEESENTVRENI EEZEND TNDE, ZHIEXLBHRAERE »
SOERETHAHEDHDEEZOLNS, ZHIZHL T, YbS Sm Tid, EFE—A
WWEODBIELBWTEEREN SHELTERE TS, Z0ELELBREIEEL
Yzl o TWHUE, YbO % SmO WERE T HWEEENH 5., ZD7=D. Yb DK
RFFICHEBRMERSTEGZHANT. EFE—LA QMR ER D, YbO.YbO,
ZOE—23BHENT, BREBI YO EFOATHSZ EE2MHRL -,

3. &R

B 5~9ICFNFN., Nd, Ce, Sm, Dy, Yb DETFE—LNSENIEAF
BROBREFEEKERZRT. WIhdb T4 I AL NEREZLZTHIEL,
WTNDOTRIZBNTH, REFELEDITHEMT A EBERNE SN,
£, AFBRIZT 4 A PEROEME EHITHEML 7=,

Nd DFE. 74 A2 MERZE 6.5A LLEICT T, # 200A/s LA EDOFEKE
HEICHBI LA F o BRIESNZ, LU, T4 T A2 NEFK 6A TIIHKSE
HE 20A/s LET, 5.5A TiX 2A/s DA ETA 4 BRISEEEEITLLHIET,
g EMNR SNz,

Ce DB, 74 A NEBRE T5AIZTHE, BEHEMN 30A/s £TIEA
FBHRICHBIL TNBH, 30Al LIRS EAF D BRIZEEFHEICHE
IR TS2ERANRSNGE. 74 TAL MNERZ TA T 3 EFIERIZ 5A
s AFIZIRD, EBITALTANERETT, 74 7 AMNREZ T3 &
REEEELAF UBROLFIERIZZL 2572,
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FEUELER TREHE I L1 B RAGEO N,

K10IC&TEDT 4 TAY NEFR T.5A T, 14 EBREKEEEDBR
EELDIEBDERT,. WThOTLREICBVWTHA A BRNZREELEEIT D
BEFE—LABICHHITHEBNH D, ZOLFIFEREANDS I & THABRHZ
DATEFE—LABRDOHENTESLZ 0005, M1 11I35EHIEL-¢R
BTFORGEEEZRLEDDTH D, BJEDEW Ce TR, 74 T A MNERZ
TBAICLT T4 A MNREZERICLTD, LFIEBRIIEEEE 30AI T
TLMEW, Ce lZDWTEKENEW Nd T6.5A LA L, Dy T6A LA ETHRSE
HEICHAILEA A ERMESN. ZHUIIHL T, RREDOE W Yb, Sm T
id. T4 TAY NEFRSAULEORIEEE T, REFEICHHIL 212 > EBHRN
Bo5NTW5S,

4, EE

BFDA F A BIIRANTERDOEIND,

B=N+/(N:+Ng)=M - /e - p * NS+t - R), (1)
ZZT. Ne. NoBZEENSREET 2142 P HFEFEOR M ETHROET
B, il3MALEBRE. e ZBFOEMN. oI TROEE. NIZ7HRHT RO,
SIET7 4 TAY MAORHEE. t I IAY I 2DBER. RIZEEETH D,
TALTANBRTEADEZDL I BRNS, EROIRKDELSNZETR
D 30A/s TOAFALEEZK1 2 (B-mes) ITRT,

EHEEHC X 51 F 162 813 Saha-Langmuir DI K D EEik NS5 [5].
B=a,/ (a+1) ,

a =N+/No=(q+/qo)exp[(¢ —E)/ k T] .

T2, quqold T F > ERETFONEBEEK. o371 AL FOLEREEK. Eild
BEFOA A MRTF> YV TH 5, EildXEEEHWEB] . £/2. q+q0
TER[B]ICERENTVNBFET &1 A L OREERELHZEOEND J HETR)VF—
EERWTEHE LR, AWrET745AL NIBSTHBOT, TOHBEEMN
FHTH B, 2 TIRAEBEENY AT IZELVWE LG (4.50eV)
DB el ZH1 21T7RT, 1FMEBBEOELDOMEBIT. Saha ORITKD K<
HINTWBZ ERNDLNS,

A F MR D T 4 T A MREKGFEE Nd OBSICDOVTH 1 3ITRT,
22T, HKEHE 10A/s~30A/s TOA A MBEENENL 0 ~Bo&L T
T, AFMEEEIE T4 SA Y MEEMETICEDBBMITE T L. £,
REFELET L, BIERSTOA F AMEBRENMET T2 I &80 N0 5%,
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B 1412, 30A/s TD Saha DXL DB/ EN=A F LR OB EKEN
Bwz, FIUK 30A/s TOEBRMERB mes EEBITRT, FAEKRIT. SRR
TIREBRMREEWEE 2> TSN, KRS TIIERER & ERN R s &
EMbNS, £z, SRERTHHEZBRIERER AN EL TS,
ZODEBETIIT74 A FEEAVW TEOLNTWA ERELEN, ERICAN
72745 AKIW &ERe DERTHBH70. A FMEDBHITEROFEICE -
TREESEEZOSND, BRIV Y AOMEZHANWEEREER . BN 1
4ITRT e T4 TAZRDNIVIHRRERBTHORENTNS ERELIZEE
DA T MERE B wre Z
B wre=Sw B w+Sre B Re,

TiEL7z2e TZ T SwE Sreld W & Re KBEDN-ZHOEE, THES
SR THD, ZOFEMEBE 14 (B wre) IRT . 74 TA MOEELHRK
ZIRET 2 & BB OA F AMREIIX D ERNTGE D Z&tbho /-,

LU, 74 5A MBERTRO, 14 AcBEBOXBRETIZ. K1
OIBIZAMA EBEROBIEBEKEFROBEMEMIELTHBD, AEHASROME H
HEZHIR T2 HERERD, ZUL, 74 A MRENMET T5&, BRE
FORREICKE L THSHBET 2 TORHNEML, 745 A2 MERENK
REFTEOLNAZENERTHDEEZSNB[T. FHLETEOMLHEEKIZ
Re ® W iZlEkRWTFNH/NE W=D (Nd T 3.3¢V)[8]. FEELEICEOLN-
T4 ITAFEREEAFTACICEFELRLSABED, 1 F MR EMETLED
DEEZLND, Ce DARKZEILX Nd KDEWSD, T4 TAL MNEFRE 7T5A
(3050K)IZL THEFEE 30A/s U ETRAMERNR SN, 2L, Ce S
ERE L7z TR OBRNTHROEAIUENMENZD, 74 T A2 M ED Ce EF2
BEICRFRIZEL., 74 I A2 MRED Ce TEON--0THBEEZ NS,
—7%. RR]EDOE W YD, Sm Tld, 74 T A2 MER S5A(2310K) A ETT 4 5
AL MRENRREFTEDODNT, ZEFEICHHITI4ACBRMNESNT
w53,

5. BT

ZHEREZ AWM FEFE-LARHBEZHEEL, S EAFTLETE
(Ce,Nd,Sm, Dy, Yb)DERFE— AZHNT, TOREZANE, WThoxE
WIZBWTHBEFE—LBEMF CERICHHEENH D, sBREBICELD N
SHTERFE—LRBIENTRETH S Z ENbh o, BEFHE 100~200A
Is BEOE—LBRICHBILIZAF L EREFBDITHER T 0 T A2 NEFKIL.
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AEWEOER., MO EEDHIIHZD, BHERKZIEIU DR AEIBEPIR=E
DW= EBHWEEEE L, 22, DRLRBHNWELET, £z,
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Figure 2. The relation of filament current and voltage.
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Figure 4. Schematics of experimental apparatus.
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Figure 5. Surface ionization ion current of Nd as a function of atomic vapor
deposition rate measured with the crystal thickness monitor.
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Figure 6. Surface ionization ion current of Ce as a function of atomic vapor
deposition rate measured with the crystal thickness monitor.
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Figure 7. Surface ionization ion current of Sm as a function of atomic vapor

deposition rate measured with the crystal thickness monitor.
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Figure 8. Surface ionization ion current of Dy as a function of atomic vapor

deposition rate measured with the crystal thickness monitor.
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Figure 9. Surface ionization ion current of Yb as a function of atomic vapor
deposition rate measured with the crystal thickness monitor.
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Figure 10. Surface ionization ion current of various rare earth elements as a
function of deposition rate at the filament current of 7.5A.
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Figure 11 Vapor pressure of Yb, Sm, Dy, Nd, and Ce as a function of

temperature.
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Figure 12. Experimental( 8 mes) and calculated (3 ca1) ionization coefficient at
30A/s and at the deposition rate of 30A/s.
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Figure 13. Experimental ionization coefficient of Nd from 10A/s(3 10) to 30
A/s(B 30) as a function of filament temperature.
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Figure 14. Experimental ( 8 mes) and calculated ionization coefficient
assuming W surface (3 w), Re surface (8 re), and W-Re alloy surface (8 wre)
at the deposition rate of 30A/s.
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= 1055.06 107.586 2.93072x107* 252.042 1 778.172 6.58515 x10% = 75 kgf-m/s
ER 270 -7 I -3 18
1.35582 0.138255 3.76616 10 0.323890 1.28506 x10 1 8.46233x10 — 735.499W
1.60218x10 " | 1.63377 x107%°| 4.45050 x1072°| 3.82743 %10 "*"| 1.51857 x10°%* | 1.18171 %107 1
18 Bq Ci ﬁ!% Gy rad Eg C/kg R ® Sv rem
2 1 2.70270x107" 2 | 100 F2 1 3876 % 1 100
B #
3.7 x10% 1 0.01 1 2.58x107 1 it 0.01 1

(861226 HBTE)
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