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Secondary Electron Emission from Uranium Surface due to Uranium Ion Bombardment

Koji TAMURA, Tetsuji OKAZAKI, Hajime ADACHI,
Hironori OHBA and Takemasa SHIBATA

Department of Materials Science
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received December 4, 1998)

The secondary electron emission yield from the uranium surface bombarded by the uranium ions
was measured in the ion impact energy range of 300-3000 eV. The uranium surface was produced by
the deposition of uranium atoms. The uranium ions were produced by laser resonance photonization
and the ion beam was extracted from a laser-ion source. The secondary electrons were not emitted in
the ion impact energy of under about 1000 eV. Over the threshold energy, the secondary electron
emission yield increased almost linearly with the ion impact energy and become 0.12 at the ion impact
energy of 3000 eV.

Keywords: Secondary Electron Emission, Uranium Surface, Ion Bombardment,
Ion Impact Energy, Deposition, Uranium Atoms, Uranium Ions,

Laser Resonance Photonization, Ion Beam, Laser-Ion Source
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1. 1I3EDIC

A F EEEC L ASBEE, LD KEFH 21k, BKAISNTWARR TS DL5E
TEEThH L, TELIIETEL —F— RIS MOFEER® LB HEROfkE " T,
AFTARH R DA * V% T 757 =Ny TOFRAL 7 ¥ —BERTEHRIIL T 5%
A, TREFOBICE ) BT EDA * VEHAKE e SRFRRIC R 072, FEDIL
TRETFIHESOREDT O, FAT LA F V0K K =07 AA F X DD H D
TRETFHHRSE L —— A A VB AW LWAETHRE L £0FER. ThIT
D XN TS DL ) LEVENIEL . REVWTKETHRE RO, 20
LV SRS R AT b AT Qi SRESERI Ch o 727202, REWVT
KEFHHERBI 2 o2 b DL EZ BN

F7. Bl ——[ERE BT BRIRIAARA A 2 B TERIZENY 50T, [H
BRI L EN S RSB DEERRE & o T\ 5, [ENNA > O TRl
HED S KETFARH NG & KEFHITH TA 4 > LIGIAEIIMESNADT, —
KREFORENTRINE—BEL 55, TOIANVF—IRROFHMEII I L —— R4 8E
DrfR Y 1 B A F A K ARG SRR b D REFH T — 7 HPWET
BB, SO, BELIZAF VA A VLB RV LK HD_KE R
=, INBEEEICHA_CREFHHRERIEE IS W &, LEVESH 1000 eV TH
BIEERLE MO RS, AT LADEEREL. AV ARTOREIC I o THEL
7%

Bl —F— R E#oR T, ED—5FRNCH LDV ——T 7 Vg Cdh
2o UITUA AL BT VEESLD REFHREE Chen % 2ICL o TGS
TWBH. A EEEIINF—DI2 keV & DN RNF—TiEHpiiE STz
B, TRE TR VLA A AL AFA Y LFEP LD _RETHIH THEEL TE& /L&
EHEZ TRV, ZI T, RAAVLODGELFERRC, L—— A FViFeRAVwTY 7~
A F L BT DD KRBT fiE L7 O THRE S %o

2. WAk

Fig.1(a). (b) |\ FERSENOEMEL RS, EERRIRE SIS DI3CT 7
VAR AN, BFV—AIBUCL DERSETEFY—L 2R L7 R Y FTADBRER
RBUTI3-100 V OBERFINL T, R CERS W=7 A=) o @B L 77 77—
B FIPNSRALZVE L7z P AU F1( 70 mX20 m ) Z@& L7JREE—
M. EUEEL. 27 (BRR 20 m ) CAS, F2, 77 77— Ay T1DTHDA
Jw b 2( 35 mX0 m ) EHBELIEFE—AZ, 77578y 7 1OPERIAD., &
Witk 1 ( ek 8 ° )ICHEET B, 07, RHHWR 1 OFEIER LY T N2 %o
—5 Fig. 1(b)ITRL=E 12, 7757 % v 72 ORIAR2 DTFERTIIARY v MSGE
KN TWRWDTY T VEFE—LDFED R (. FORMIEFE DT ODNEEE4TR >
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TWRWATF Y LAMNE $ThbH, ZREDS 620 m FHIGHE L7k F=UEE
OIS EEY Ty — L, NikEd FEEEN] A/s T2 075

2FEEDNTX < L —Y—BEL — i1 70 v 7 IF7—TRHELTUETF
Y— LS LT 7T VEFOA AU, BRBFEROBN CRDA + ALAX—2 W%
vz,

2,=431.160 mm 2,=373.214 m
Sa! — BYal ——> 14k

L—H—HORMEIEA Y v Mo & DEE 10 m 2 U TEZZEBEPRRIC AN DT, BEYER
B VAR FHEIRD 75 X203 T & B,

Fig. 2 (a)id. 75 vFE» OO RETFHIHHREE A L7IFFDOEERE 2E07 7
S5 v TOVEL THb, EUER]L, 21284 P,. P,V 2ENIT 5, 7757
By Sl 2L HFDOF—A, ANI7—AEBM T, AR 1123 1 kQOHEHTIERHL T
T—AVTIEE, BHWR2 123450 V ZEINL 7z, L—H BB CER L2 7T X< DEAL
IFENGERR 1. 20BNE) DB EELL PV T2 B9 0T, 75X bi &S
N7zA A/ EINER 2 (- (P,—P,) &V TEIEID, FEBRCOEIEE (P,—P),)
38T 300 V THb, EULER2 IITEEER SI%DAT Y VABLR v ¥ 2 %ik-o7z 2D
HEOA A /B IEHLR (5 mX65m ) ARHRITHY., COREBE/AFUET 7T
F—hvT1. 20NN AOICAT VY VABRA Y Y a %877 97—y T
r— 3T —ABR O TENERE 2 &7 —ADETELIZP, eVIBES A, BEWR 1133
P eV (A A EEIINVF—) TMNiTH, T 7777 Hy T 1D%EIE/ 4~
BRI L A T REFIRIL 7 —ABMNO —ARAOD X v ¥ 21Tt b, ZUXTL,
T 7 FF—H v T 2RO 2 121E+50 V 2EMNEN TV BDTALS» SRR 2 1558
LEHCREEN, (P,—50) eV TAST %o “RBEFOIRNF—HILAL 20 eV ETFY
LT, BHAR 2 oD KEFE+50 V DORRIEEN D7D\ BURMH 2 [R5, K-
T BHUR L. 21CHENAA AV ERE 1. 1, WK1 F&iY 7 0EKm) OKE
TRy, T

I,/ 1I,= 14y, (1)
YV, v, 2B ENTESL Y,

T 7-FhEC, Fig. 2 (a) DfikERREE AL THRER 112+50 V 2EMnL 7z Fig. 2

(b)) DAERTIL. B2 GEEGLAT V LVAKE) O KETHHREE v, L T5L,
I,/1,= 14y, ; (2)
8Dy, B RDB T ENTES,

3. BRI UEE
Fig. 312, 7 I VIFERED DD REFHRHRE y , 2l L/-RDER Fig. 2
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(a) GRHAR 212+50 V BT 128 ) 54 4 V BRORESIZ/RT, P,= 50V ( Fig. 3
(2)) TS 7 EBIZEALRLEETH D, ZREFINIEALBHES T,
P,= 3000 V (Fig. 3 (b)) T REFOREICL D, #HR1 DA A VBRI E
{ TRETFHHREDT0 TR\ L%hh5,

Fig. 4|2, JEEEAT ¥ VAKED OO KEF Ry , 2 L7 RDOUSR Fig. 2
(b) (BIBAR 112450 V ERDD) TOA + Y Eifite 3. Py= 400V Fig. 4 (a)) TILA
YRR CHDDL P = 3000V Fig. 4 (b)) TR 2 DA 4 VEHAKRE 2o
THBY ., RETHHEREDYY I ARGERE DR Y REWZ L0795,

Fig. 5id. 2 o0HHRDA A U Bifittke (1) . (2) R WEH L2 RET it
By 7, A EELANVF-E, (V) OBEE LTI LDbDTHS, ZIT,
AAVEBHRL, . LIZE—r BROERRAGI 7T /44 BRI E Y 5 iR
SN TKETHEARRy 131000 &V LIFTEL, / LA%HZ] THAHIEHNH0 L&D,
1000 &V PAE#—KEEgcRb T

y1= 6.0X10° ( E;—1000 ) (3)
Tdol ZOMET. UENTEZOAIPE AL VA 4+ AFRIZE D34 TV L2 D
DREFHHRE PV LR L L )ITNE L DL T 5, —F, FHESEAT VL AK
EH D RETHHERE Y , 13, LEWEIHS00 &V T L EWELLE TR —XH

y,= 2.4X10* ( E;— 500 ) (4)
LROTIEHTES,

Fig. 5Cid. SEIR 12 DY T VA F /2L 5T TV FED LD KETF R /R
LTWh, ST, A8 & AE i E R > TV A F /EELAVF— 2000~3000
eV DEIFETC, AFREDEIIIIELY,

TRBIH 2 AIRT v v VR EEERREAH B KT VY v VEHISEERR TRV
F—|ZITE ALHGEET. £BEFRETOA—T 2 FITHHINSL bDTH D, 7T VET
DA FALRT Vo VBRI FNEN 6.11 &V 1 & 3.63 &V P THB, ZKETF
DRF 7 VREIZIEA F ALRT S v WAHEREND 2D HVFETH B 2720,
TREFOFRT VS ¥ VIHRIEEZ SR, 44 AT ANT RN E AT KR
FHbAT < LEVEN DS Z &l TAEREY) ThHbD, Chen F 2137704 FNIEBY
5 VEED LD RETFHHEREZIE L TWA2S, LEVESRZ TV aid, 2000
&V L VBT INF—TOREER T b LRD o772 L Bbhs,

L —F AR TIE. 2000~3000 eV DA 7 > A TEHNERI &S Ho 3000 eV Tid
TRETFHHEEIE 0.12 Thb, ZOBE, EURA 4 1S/ OREFHICEL S
TRIVF—HBEIL, 360 &V LB, L—H— T ViBHETY T 235 BT 1 /5 DITE
FBILINF—, BUHETETATRINF—# 200 keV 2) DEBID 1 0#) 50 keV
PR T B DD D THUTHA, TREFHHIC L AHRIIERTEH13LN3 NI L
VIR 7Y A
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4. BbHIZ

W5 YAk AR BT U RED S D KBTS A 4 A LF 300
~3000 VOB THRLE L7 W T v EEIZY T VEFOFRELVIED, w5044
Y—AIHEA + ARER RV L— A F VB OE [EH L7z, FEETRILF—H1000
eV LITCld. REFORHII R >0 LEVYELN0 eV PLETORE FHut R,
A F EEE TRV —O—REBCCHEINL3000 eVORE 0.12Th o7z, ZHUILD, L—
Hery T EEIIBWT, TREFRRICE AT AV F—ERIBEEI VNS W I LAHL
NSy AN

B, A IRIERATT S OEHGE [L— Y 7 Vigasghtns] TRohu:
SRR D—ERTH 5o
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Fig.1 A schematic view of the experimental apparatus
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Fig.2 A top view of the laser-ion source and Faraday cups

(a) +50V is applied to the detection plate 2.
(b) +50V is applied to the detection plate 1.



JAERI-Research 98-073

(a)
P'=500V
Pz=200V
~ 40
2 _
= T 40
< 20
5 i -
= 20
S gL
0L I
" 10.6MVAN C2”
oamve . -
(b)
PI=3000V
P2=2700V .
—~ 40
< —
=< -
~r 40 L
+ 20 -
§ 3 -
= 20 |
S gL
0L

0 10

Time (us)

Fig.3 Examples of ion signals from uranium covered surface(detection
plate 1) and non-treated stainless steel surface(detection plate 2)
by uranium ion bombardment in the case of Fig.2(a)
+50V is applied to the detection plate 2.
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Fig.4 Examples of ion signals from uranium covered surface(detection
plate 1) and non-treated stainless steel surface(detection plate 2)
by uranium ion bombardment in the case of Fig.2(b)
+50V is applied to the detection plate 1.
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and secondary electron emission yield from uranium surface
(v,) and non-treated stainless steel surface(y,) bombarded

by uranium ion as a function of the ion impact energy
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