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SLHIZANTE 17 Ad™ J4 AT 0L 2 ARJU IS TW I ANIVWAL =T o TN J O HJAEATLL L. P

S:(E), RETRERRNBRE £ U, (LR ERE). LHRK o(M) % T8
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AHOMHE RS EE Y, BLRBEYW-E-HAM. ke, MTFIEERSE TR
EE TR, Sigmund TEMHEAR()ELEMN, XEH L FEERGE?
RANNN: ERERS T, SERNEEASBEERTULKNIT. BEE )
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B, Yo REMASFNOBRHE. ATBRERESHBHETFOILRHEE F(6,E), B
WEBHETERERITOILE (AN/N) TEMARADT20)ITRHE. B, FH
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630 | E 3 B k % iR 5&_

K5 shE E,
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ERSRR Behrisch GHNBRE FHRHBEARN. N TEE -T-ﬂﬁﬁ R llt:’»‘<
M<6, M 1/2<r<1, @A (26)4H: E,; >~ (2.72~3.33) - U,, Bl E,, =3 -
U, ZAERE Swant™ B (Ea<4-U,) EXER. ﬁ?u,mmxﬁw 2 R.(26)
N EHFRREFRRE RN,

ERARONS®E U, %% E.. WA
Y, = 0.042 - a(M) - S,(E)/E,,. (28)
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A, B, RITRA Matsunami® {8 HROBIEFBERILRE S.(E) RUKAEE E
BHF 2(E). Xi, LR HER:
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B(M) =7+ exp(—7), (1)

g(E) =1 —E,/E, (32)
£ (E > 45keV) R T: HTFEETF R, E)=3-U, <206V, HAR
G2)EH: g(E)>98%. Fibl, EFRHEAR (28) 50)ERE FRZSSHMN.

ENPE S DESE S EEL TR S

g EBREARUDFMAEHRTF AKX (17)—08) RALAK(D, A Sigmund
Eib R X V.. BHARG),Q6)MGDORALR(30), HHBERBR TR E Y.,
% 1—4 AR SEEN, T HE Y., Y. 5XKE ¥ AL EL.

1 RN TRNE Yo, ¥, SXRM Y MELET

% 3 C Y«(B) Yo(E) Y aY,/Y Yil¥
si 0.47 . 1.51 0.53 —-11% 2.85
Ti 0.66 2.13 0.58 +15% 3.67
v 0.63 2.02 0.70 —10% 2.89
Ge 1.09 3.42 1.22 -11% 2.82
Zr 0.72 2.36 0.75 —4% 3.15
Nb 0.59 1.99 O 0.65 —9% 3.06
Mo 0.67 2.24 0.84 -20% 2.67
Sn 1.64 5.26 1.37 +20% 3.84
Ta 0.60 2.28 0.62 —3% 3.68
w . 0.55 2.12 0.60 —-99% 3.53
U ' 0.89 3.59 0.97 —8% 3,70

F1HEM: K (E=600eV) EEFERNEHLZZEN, EFRHEIEHEY, 5
TR Y M RERAT 20%, B BEE Y, UALRE Y B,

2 OIREEAETRHE Yo, ¥, SXBRAY IR

K | Yu(B) _ Y.(E) Y AY,/Y Y./Y
Al 0.145 0.588 . 0.175 —18% 3.34
si 0.103 0.438 0,095 +8% 4.61
Ti 0.085 0.492 0.090 —6% 5.45
v | 0.074 0.456 0. 080 -7% 5. 69
Ge 0,088 0.672 0.080 +10% 8.40
Nb . 0.034 0.359 0.030 +13% 11.9
Mo 0.037 0.398 0.043 —14% 9.26
Ta 0.016 0.343 0.014 +14% 24.5
w 0.014 0.320 0.012 +17% 26.6

F2faH: {KEE (E = 600eV) AETHEARGTFREN, RIHERIBEEY. 5
TREYOHENBRERAKRT 20%, B M XY, HEXRBEY W= _+LF.
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HEE Y SXREYWANREZAET 207, HE.BERBHEY, FBIAHXREY R
EENFMEETAE,

L H#3 RREATREEY, Y, SXRHEYHERD

TR Yo(E) YAE) Y aY,/Y Y, /Y
Fe 2.23 6.15 2.30 -3% 2.67
Sn 5.11 16.3 4.30 +19% 3.80
w 2.10 8.15 2.30 -9% 3.55
R 9.23 32.7 10.5 —12% 3.12

R4 RREAXTFENE Y, ¥, SKRE Y HELE

Tt Yo(E) Y.(E) Y AY,[Y Y. /Y
Ti 0.031 0.144 0.037 —18% 3.89
v 0.027 0.138 0.032 ~15% 4.35
Mo 0.028 0.218 0.031 ~10% 7.03
Ta 0.023 0.313 0.028 -18% 11.2
w 0.021 0.296 0.025 —16% 11.8
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BBt sX (26) ZH: HEASHRHHE E, REBTRETEOENR F &
M,Ti5ETFRELX. Bit, ETERRGZREN, RTRHEXLETRNBE £,
RBE W Sigmund FRMWAR Y, R TR EAOEMILE, BEBHEMN (E4/U)
f&.

HTRETFRY: 2<M <60, {1 1/15<r <1, WMHEE En <90V, %
KEe (E = 1keV) BT, g(E) = 70%. FrllAREET 2(E) MR MH X Y, 5
EERERL A EE E, NEEFERNEES.

Matsunami®? BREH: BT, MEEAEEBTEHEIERE S.(E), A 54
FHAEERE S(E) Ax. Hit, RBEXSEERE SI(E) = 4(E) - S.(E) 191

1
& ME) = rimsgicey PR 5.(5) WREEERT, s(s) £4

fertyes, FRROF BT, HES: BHREBERT A(E) METHRENMMP AL TRE. 8
ERET, 4(E) =1, 55, Sigmund™? #5HH: ZEEH (M =1) HET, HE&ETF
HBNT Ern(e<l), MIBRTHPHERTHRE-BFETRLEEWKE%Z. Bl
Sigmund AU R(4)% EH TS R ILAY. |

I, BEE TRERS R RERENOT SRS ZERGREMGInERE L
P PR 4, KL/, BERIMBTEGRIE), i S8 S R A" 35 fE 1
WIREREEES MR MAT R, —RUIK: "R RA SRR #ER5 R e
TR T M A AT,

MEETE: EABRHBEBEAROGO)RAFEE TORXEERER, FLER
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ERTHEHBRN RO, BR,MTE 3 R4+ AHNOECERAGRRE. BT
FE R AL — R R, AR GOSN EETTAE Y. SXRE Y AN RE

PRAKRT 20%.
EREE (E = 300—1500¢V) R T, LROMERRAFEN. LM TE 1M

F2RENZSEERASTE: RTRHELRAXCORBHBMEFEN. FH, R
AN BEF B R 5B ME E, R LRBRE, R EFR &3,
G, FE RMEE B RRA T AXNESR.
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Modification of Sigmund Equation for Sputtering Yields

Chen Guoliang
(Shanghai Institute of Metaliurgy, Academia Sinica)

Abstract

A new empiric formula of sputtering yields for monoatomic polyerystal solids bom-
barded by light and heary ions at normal incidence is presented. It can be derived as
follows:

Firstly, a modified sputtering formula is obtained by replacing the sublimation
heat Us for the solids in Sigmund equation with the threshold energy E. for ion-target
combinations, Secondly, the modified formula is multiplied by a calibration factor,
g(E)=1—/E,,/E suggested by Matsunami. Where E,,=U, exp(y)/y, y=4¢M/(1+
M)* and M=M./M,. M, and M, are the atomic weights of incident ions and target atoms
respectively. Finally, the calculation results show: The sputtering yield of He* and
Ar* at 600 eV on normal incidence evaluated using the empiric formula is accurate wi-
thin an error of +20%. But Sigmund equation is always overestimated at low energies
by a factor nearly distributed from 2 to 25.





