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Secondary Electron Emission Rate under the Electron Bombardment (1)

Outline of the Experimental Apparatus and Some Experimental Data

Norio OGIWARA, Takashi ARAT and Haruo KISHIDA

Division of Large Tokamak Development,Tokal Research Establishment,JAERI

(Received August 11, 1982)

Plasma-wall interaction is one of the serious problems to the plasma fusion
devices such as JT-60. This interaction is approached with the following two
steps; first, it is devided into fundamental processes and they are studied
individually, then, the relationship between the plasma parameters and the
wall properties is investigated. At present, we may stand on the first step.

Now, we have studied the secondary electron emission, which is one of the
fundamental processes. Secondary electron emission rate and the electron tem-
perature of plasma boundary decide the sheath potential which is one of the
most important parameters of the edge plasma. Whichever the primary beam is
made of ion or electron, we are doubtful of the previocus data because they are
measured over the energy range of fusion reseach and the surface conditions
are not clearly identified.

Therefore, we have producted the experimental apparatus and measured the
secondary electron emission rate of various materials under the electron bom-
bardment in the energy range of less than 1 keV. In this report, the experi-
mental apparatus is outlined and the some experimental data are shown.

On the cases of sus304 and Mo, we have confirmed the universal curve for
the yield of secondary electron emission. In accordance with cleanliness of
the surface, the secondary electron emission rate is gradually decreased to
the constant value. In the energy range of between 150~ 200 eV and 1 keV,
we have the secondary electron emission rate over than 1 from the clean sur-—
faces of both sus304 and Mo. Their maximum secondary electron emission rate
?;’and the corresponding energy E_ are following;?}l= 1.12, Em = 360 eV for
sus304, and'Z; = 1.23, Em = 410 oy for Mo, respectively.

Keywords; Plasma-wall Interaction, Secondary Electreon Emission Rate,

Sheath Potential, SUS 304, Mo , Apparatus, Fusion Devies
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SR E 7, MRS THRICL TV AEMTHEILTH S,

7 (E) #1— 7D 4.3 IRTB~ S,
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4.2 Mo

MY — ADEEMISUS 304 DBALFELTH B, WEE LTHOAM, 3 2HRHET
S0 99.95 %, 10mmx 10mmx' 0.3mmD KESTH D, #2000 D/S7HHE, 7€ L ¥HT
DS R, HZEhT 50 TTN— 27 7 9 500 MO ET - 12, 4.2 KETHER
ik 52 REFHHEOR FHETY o OBMZLET T, SUS 304 itB0THEE SN LD
©, BYC— LFRERIE 7. =197 ERSHEARL, BHBRORBE EHITT BRAIC
B L, —ElEBE2, M42kBVTASTRIFHAD 7 (E)H ~ 7R 4. 3177,
F7, Ar 4 A v A%y 50 Y IC R DREEHERIL L RO T(E) A - 724 4 ITRT LK
42 OBAEEBHS T (E)H-7HN44 LIFEALRALTHE, COTEPS, 2RETR
iR LT, ETEBC X AWARLORER, (4 20y 5 ) v T EHAFL0A S AL,
EEMEF D b0, AESHEIL DIEREOBEND b, L T 4. 3 IR REDMoAEMo(ll,
44175 TbDEMRIERDTLEITT B,

Mol £ P Mol 8 3 7w BLUEw i, K43 B LUK 44LDKDEBD, Moll) D
MO T, = 197, En =350 eV, MoRIDEBER 7w = 1.23, En=410eV TH 5. X 4.2 1T
F 4515 7 OIREE(E, A A Y EBICE B 2 B TRHOBI bEEShT0s PV 14>
EROBA LFRCHE T — I3 DHEC L1, A2 ZDBHLS 5. Fh, K4
2132 IREFHONRARHIKRIBIC A S CRETE I EERBR LTV 5,

F(E)H — 7HMo) - Mol2Dd ¥ b 5D S, E— 70— FTHIHLF -1t
L oONT T RBAICIEDT B, ChoDh — 7O, ERNES ATEELOREITH
FBEDLALTHBe 72 1105 T4 AF —FRIE, Mol LT 150eVE ES 1200eV
T Mo LIk LTI, £DECEITT 2 1 TH B MolLIEMo2HIH S 5 7 (E) A= 7D
B, Te ot En OFZ060O0REBMIC, BIiAd—ficEd 5T ORLOLHBR
KB L TH D, ThAE—MWEL S 2E, BT 2% r OF{Lid, Mo(IDBAH 105 % T
50, Mo2DIFAITE, 96%FTHD, COENCINTHE, 43HTERT 5,

20 A Bk KT

E— AT AL E— = 500 eV
t"“"‘j.xtgﬁ:% ]-O—TA

E
& 151
B
1.0 | L |
Y 10 20 30
BT thel

BEMP 1 MonTnn BHR AL
M42 BTHRICEAMo 07 o OHHLL
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43 =

SUS 304 BLUMoD2 REFRIMHEI I3, E—LITiA¥-EEEbItELTE, 7T DH
BUIEBOTE, Ta, T 5A25EL, BXOT(E) 7 —7HEFREL D, K41, K43,
Bl4d.4 @3 r—RICD2WT, Tn, EnaF &HTHLVILRT, 22T, C. Bouchard and
J.D. Carette DEEVD 2RI ERERS 5.

BOlC, 502 KEFRITROBROARBLTE . AR - 20XBATDSLS T
AMEREIC 4.5 a) ITFRd. BRNESHRICZMELE B, BFOBMBKICE > T/72 -5
WhE D, BE L TU=Z2=0&d 5, 230F B, ARBITARHLTEALEFR, &
RINTHRE 0icip A, THAAF —FKOEHS U= U, ETHL, U= 0, THEIKBT H5C
BAd, SEcEELAMICI F VE - 2RO EHRou=RETEL, R, BEFOV Y
TH D, THANE-EKIBETLREFVERINE, LIRETHU 5 u+dug TELH
SN 2 IRET ORI, —dE, S/ ETHALRS, CCTE R, 2REFOTH &
NE—TH B dE, 13, 1 KBFOTFAF—fHRkEROT, CCT}, dE i}, KDL
HATEBEEDET D,

dE, /du=—-A/E}u) (4.1)
ZZT, A, NIEEMTH D, COTFE, X9y 9 ) Y 7EOHBITECTHAV NS
%@T,%(@%é,cm%fw?ﬁﬁf%ésléf,chﬂ%,1&%¥®VVQR§$
Hiid,

R=ET (n+1)A (4.2)
LB,

Wi, 2 wEFHEES SEERARI T 3 BEEE R S, (4.5 D) R LD, AP
ICH 7o 2 IREETAS, MIFE 6, TETICMA S T 5, 2IREFR, TOT7vF—KIHELTH
AN S O AT 45, 6, CHTBTHEAEE s TOETH,LOEE, EEZILHIETHE
FE T E2CHERIL, P=exp(—2/0)EmH 5, £CAT, SIMLTIE, K46ICK
kA, Hi0eVms 1 keVEED T3 AF —FARTE, THAAF-IKESHEHAS KEE
¥, BIEF—EEE5FET S, L7, SAEAITAAF-KRELHOL—EMET S, 5T, KEK
Bl L-BF i, SHEOBE (surface barrier ) 3% 5HEBE & » THATW, TIT
b, BEBEFOIANF—ICLORBOVENELTE o

Ll Foaidtic kb, 2IRBFRIEET I,

R o dE, 1
TZjBexp[—Z/()](— )Tdu (4.3)
0 du &

Ebidse 0 (41) &0,

n

BA R Z -
r = = Jexp[— g] (EL —-A(n+ 1)u) n+1 qu 4.4)
a

T,
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1 1
y= [(A¢ (n+1)) n+l (E7 —A(n+1)u) o+l (4.5)
1
r= [(A6(n+1)) IlHE.:,D . (4.6)
ZEAT B,
F7-, A (4.4) FORBME, u=uy, BT, 220065 <27,
6=E, (u=1u,) Ep (4.7)
FEETHIE K (4.4) iF,
7= EPO_B f exp(—ucos i',/0)dy
re ar
g7 . :
+J exp(—u, 0)dy) (4.8)
0
FhhEEHE L, Spicu=40(r"t —y ") IgERETNE,
G, (r)y=exp{(—1r"%) Jr exp (y»*)dy (4.9)
0
AR ARV T,
E,. B
7= ig ({ exp (17" (0" =1))} G, (O1)
1 _ 1
+os T 6’ (G, (r cos n+l1 g’ )

1
~{ exp(re* (o"*'—1)cos ')} Ga (01 cos n+l g}

(4.10)
&fgéo ) :
EEAMOEBAICE, =0=04:550T, FRIEENT, '=0=055,
E,.B
r(r 0=0)= =G, (r) (4.11)
Tre :

EtiB, Go (r) B, T=1y KBOTEAEG, (Tw) 28T 2.4 (46) 5, Ep/T
—const , THBPS, r(0=0)1, r=r,ITHOTHRAME

B Epom
Ffm = — Gn (rm)

&
AET D, Tw AT, & (411) £EEETE,
7(r, 0=0)= 7a Gn (1)/G, (ITy) (4.12)
L13, chidk<amontnltssd

SHOAIE R, EEARIEOATHZOT, R (411), (4 12)FRCTHRT 5o

BOIK, nEHZ TG, (1) OFLERHTAHSE, MATERATLITH B, 7 &G
R (412 FRTEHICBEEEHICHD T 40, BRI, n2@MICE 5l LiTdkD,
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41, 4.3, 4407 (E)AHELD 5 & 05005, nHBRECUHIUL, 1200 TDG,IT)
OO LAY, n—0 OESITE, T ORERNERELY, rHoTRET %,
7Bl Galr) ERBNEL AT BT &I, NI, nDEFE, X (41) »ohh bk
S, BEiASTOBREEELIICES T3 ¥ ~, SO, 2RETERREHRELT
Wh, NHAEFVENHTEE, THAAF-PREIVE, 2RETFLERBRIPSAEH, 2K
FFREERREBTERSNBL DI, MHVNELHLE, T2 VE-DRRKRE, &TOD
TR AF-ICKELE KD, 2KREFIR, BRACE—ZERKShLIERIIKL S, TORA,
BHEANER TS S LS, TERMEBCHMLULEMNS, H5—EHEICIICKITHE S,
-7, TEIOE®D, BREEFLOHOFEHO T 2 vF KOO TOHMEPRE LN
B LT B,

GAT DB KIEAEA 5 T =1, LESNR TEW BT ERAEAS A HE=E 455
+ 57 EAFWT, GdTIEFE) &, ZOHMMEMISZFLLLIE>Cn DEERDS,
BELEL LIRT, P SKROTENOIES,

1) SUS 304 & Mo & T, MoDHASUS304 £ b, Bz xavF—ICEVTIRET &
BEAMOEHET LOREFEMED, (1KETHSTx ¥ -0R&aIE, R (HB%E
T4 <) LoMEERA®L, Kxxrv¥ - s> T, AEET LOMAEMEMAZL
T Bo )

2) Mo ill& Mol2)&Tid, noEMRLS, Zhid, Mol VPR TREERDONL TS
LEILNLDT, COFMPBATO 1 KB TO T F AF-BEDT I NF - KEWH Mo £
hehAkxBEicksbnEBbng, £/, LOAMMBORESFERITICHE L TOELY,
Ar Zo%y 5 ) VIR ot F— 95, BI0ALMEESN 2, 1KBEFO LI VE-BE
55 s FEAENOETORAESHET, #-T, FHOMo» S0 2KE T OHGHHE LT
B, MollicBIF 57 ORI L AEESMILY bRENTEE, U EDOEICL DEHN
AT <, AL, T2 TOFRRGERTITAESE, SEAME LT ALF-LDbET A
AE-BTMo) D 7 DAIEMo 2T D BT TH B,
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%41 SUS 304 BXUFMo D 2REFHRHEE
SUS 304 #10¢ Mo 0 2 KB F R T

Em (eV) Im n
SUS 304 360 1.12 0.163
Mo (1) 350 1.97 0.257
Mo (2) 410 .23 0.201

31 Fp v BAREIMNERLFLIANNEIIFLY-
Tm 1 WARKEIMLE
N THRLY-IRARARR (X (4.1)A4R)
2] SUS304 ; WIMRelyEELRD
Motlll &+ kAQFAEP » @&
Moi2l + AMAvanygv kel

Epo
=Uz0 ]z:O

DARRERDUREEREREE
—sin @'ZN; sin B

— 2zu cos @

/U: Um

~-ZZU

2 -
~uz-R

a)

VACUUM
TTFHT

SOLiD

FTTTrTvTr T 771 7

z = PA cos ©,

b)

K45 2WEFOERBIERHEDET IV
a) 2REFERL - (1TKRET O
BERES Ficx g, 1RETFOBMMIZH->T/¥7 4 -2 U
BB, JRETERTFVOFHIALAEBHOIL,
b) 2 #&EFORH
PETCH L 20E T OEBE A Y | BT HMAEREIZHTS
HEmOOHES, TRY,
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5. ¥ b b

AMETIE, BT 53 XA B0 T by~ 2 ¥ F v vy LEXRT S 2 REFHHIE
DRIEEEORME &, AELRO—BEBR~I,

SUS 304 3L UMoDEFHEBICK 2 2 KB FHRHBORE»P SRDO T PRSI N 5.

1) 50eVLLE1keVEEE S TO T ¥ ~HEFHA T, SUS 304 - Mol biz 30+ —{FK
EELARY LS Lick, ¥ universal curve " (4.12)RTHBTE %,

2) HEREOROCICL-> T, 2IRETHREERBRLL LB -l MoDBEP D, &
RETHEFHON PR THERINTOLEL D b 2 REFRBEINNS O L HRES
5,

3) SUS 304 BLUMod bic, REIREALIEMICIHIEE LTHHLOLA, 1keV LITTHE,
2 BT RO | A A A OIEOEE (SUS 304 TR 17eVELE, MoTIZ150
eVl B) ks,

) A4 ERSLENVEETEREROLELHP SO 2 KEFHRIBEORKE T - &XIE
FEE—LTRAF-F, RDEED,

SUS 304 Tm=112 En =360eV
Mo Tm= 123 Em = 410V

SHICERINIEBEE LTE, UTOob0MEA 5,

a) EEKEDOA— U BFNEE (AESYs Ltk DEEL, 2RETRiERE ORE%E
Hb,

b) E—sriE-DOFBBLUFBREENZTH, 10eV « HkeV T TEF T 2REFK
HEOBEATT 5, | BTh NIk dic, & (1L1) BKETI X~iexfL i, r<081
TEYE SN 3, &I ABSEORETIE TS | DRSS, E DO T 5 v —FFIC RS, K
I pFE—ITH, E—+0GC'D$’L’C r20 tEAZONTWAN, BEICLiUT, 10eV EE
B30T FOLH L~ T b 2 IWE TR LICE T BA%SS O $5BF
ERC B 3O 2 IREFHNREM 2 0icid, SRHESH-bDED bk bEZ L
X QTOMESLEIC S, $70, HkeVIE £ TAEMRALS 5T &R, 17— &t@
W4T S LTRE L 5, '

E &

AIEA T L AT H - DR L TIEO A SR AR b 7~ 2 BRBE, RS
L ENAT A v 7 REBAE M LT, U, KAEAORMEL LCERIT, &
R AR S Rt B I TITh N DT H 5, EROFEFTROAEEELEB U,

_22.._



JAERI-M 82—123

5. ¥ H 0D 12

AHETIE, Bl 75 X280 TOAE Y~ ARF vy v VEXE T D 2 IKEFHHIE
DREEEORE &, MELRO—HEB~I,

SUS 304 3L UMoDEFHRICL 3 2 KETHRHFOREHSRDT LW HHSN D,

) 50eVUILE1keVEBEE TOT A AF -EHTIE, SUS 304 * Mok bIZ 2 0¥ %K
RN AR IcE AT Lick, © universal curve " (412K THHBTE %,

2) HEREOBVICL - T, 2IREBTFRHERSELL LBl MoDIBENPL, &
BRETRESFEO UMY THERINTOSEEL D & 2REFHREEWNS O LRES
o

3) SUS 304 B& Mok diz, HEREAEMIIIEE LTV, 1keV LIFTH,

2 WET RN R 1 AR A RS OIEOFEIF (SUS 304 TR 17eVELE, MoTIZ150
eVEL b)Y iwheds,

1) A4 HRHLZOCIBETERBROLELZEH»SD2 REFHINEORKE T » EXIE
TEE—ATRALF—F, KDOEBY,

SUS 304 Tm= 112 E, =360eV
Mo Tm=123 Em = 410eV

S INLBEEELTE, UTOobDHH5 5,

a) HEIREDA — V- B9tk (AESIEICXOREE L, 2KEFRIERLE OMEE
HBo

b) e-sriaF-OFEBLOERETNEA, 10eV - HkeV TR T 2REBTH
HEOBIEEIT Y. 1 EThANILI i, X (11) $KHE77 X=ied LTE, 7<081
THME SN D, & ANSHOBETE T2 1 DHEEAH L DO T 5 vF —FIFIC K5 K
3 F-—HTH, E—>OFC'D?§’L’C r—=0 EZEZONTVAY, gEckhiz, 10eV EE
B3 EENELF O VE —SIRT b 2 KE RN LIGETBANS5 ) HomF
BEIC BT 32 EH0 2 KREFREEFMSHiciE, ShflEashicboih i 0B v
L —RTOMENBEIC L b, £77, HkeVEEE THEMRERT S LR, f17-5 L0
AT ETRELL S, '

i Fi

AHGE AT AT S DEEREE U TIEOA SR AR 7= 2 BRTE, /MBS
geats  EJIAR b A v 2 BIREKIICEMEHN LT, UE, AEFEORFELUERIE, ¥
il R A AT IS T O b DT H B, EBOBE AL HO B EL LI UMD,
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WLEG THYEECEEEMEEEOSMICE CERHRLE T, ¥, FHROBEES
ATFa0E L8HE JT-60 # 1 BRER, KHERRE, WA E 7 V- 7OBRMOH
BB LIS, '
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