1972 # ¢ W

% 77 4 (1991) £ 15

© 199t ISLJ
1H1111010170011101111111

s 3R

11101117811117171111111

AINy F 1) ¥

LB =T

Eimammﬁﬁﬁéﬁmxﬁ@fm@
IR

BRIl =

Determination of Sputtering Yields for Quantitative In-depth Analysis of

Surface Layer of Steels

Yoko KiTaNO, Toshiko SUZUKI and Kozo TSUNOYAMA

Synopsis :

Experiments were conducted to determine sputtering yields for various materials under a practical sput-
tering condition of Scanning Auger Microscopy (SAM) and Secondary Ion Mass Spectrometry (SIMS).

(1)Sputtering yields for Al, Ti, Cr, Mn, Fe, Ni, Cu, Zn, W and Ta are obtained for Ar™
The experimental value of each element is larger than that calculated with semi-empirical for-

specimens.
e . + .
mula for normal incidence of Ar™ ions.

(2)Sputtering yields for Al, Cr, Mn, Fe and Ni are obtained for irradiation with 0,"

with bulk specimens.

(3)Sputtering yields for Al, Cr, Mn, Fe, Ni and Cu are obtained for irradiation with Art
ions with film specimens evaporated on stainless steel.

and N2+

ions with bulk

. + .
ions and N, ions

ions, 0, " ions
These values nearly agree to those

obtained with polycrystalline bulk specimens for each element.

(4)Spuuttering yield of Fe-Ni alloy for Ar*

ions increases with Ni concentration up to 25.6 mass%.
(5)Sputtering yield for Cr;0; is obtained for Ar™"

jons and O;" ions with the specimen prepared by

thermal oxidation of Cr-evaporated glass with known coating weight.
Some of the results are applied to conversion of sputtering time to the sputtered amount in the

depth-profiles.

These results agree with those obtained with other techniques.

Key words : sputtering; surface analysis; depth analysis; thin films.
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Fig. 1. Cross-sectional view of Cr-evaporated
stainless steel after a tape covered on stainless
steel was peeled.

Table 1. Coating weights for evaporated films of
monatomic metal.

Element Coating weight (g/m?)
Al 0.30
Ci 0.73
Mn 0.74
Fe 0.89
Ni 0.86
Cu 0.81
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Fig. 2. Relationship between coating weight and
thickness of Al-evaporated films.
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Table 2. Sputtering conditions for SAM and
SIMS.
SAM SIMS

Ton species Art 0,1, Nt
Ion energy 4 keV 18.5 keV
Angle of incidence of ions  |53°(33° for CryO3) 0°
Primary beam current — 10~20 nA
Ion current density 0.15~0.2 A/m? —
Raster size 2 mm X2 mm 100 pm X80 ym~

200 pm X ]Gg pm

SAM : Scanning Auger Microscopy
SIMS : Secondary Ion Mass Spectrometry
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Fig. 3. AES in-depth profile of Al film evapo-

rated on stainless steel.
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Fig. 4. Cross-sectional view of surface of a
Cr-bulk specimen sputtered with (a) 4keV Ar*
ions at the angle of incidence of 53° and (b) 18.5
keV N, " ions at nomal incidence.
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Fig. 5. Relationship between sputtering time and

sputtered depth for various bulk specimens irradi-
ated with 4keV Ar™ ions and current density of
0.2 A/m”.
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Table 3. Sputtering yields (atoms/ion) obtained
with bulk and film specimens of various materials
irradiated with 4 keV Ar™ ions (n=2 or 3).

Bulk Evaporated film
Element Sputtering R Sputtering R
yield ( =Max—Min) yield (=Max—Min)
Al 4.6 0.60 4.4 0.16
Ti 2.8 0.25
Cr 3.8 0.63 3.9 0.17
Mn 5.2 0.87 4.4 0.35
Fe 4.2 0.11 4.4 0.23
Ni 5.2 — 5.4 2.00
Cu 6.8 0.54 6.9 0.98
Zn 17.0 2.00 :
Ta 1.6 0.35
) 1.8 0.17
Table 4. Sputtering yields (atoms/ion) obtained

with bulk and film specimens of various materials
irradiated with 18.5keV N7 ions (n=1 or 2).

BaaP® % Huw Tk 7.

Bulk Evaporated film
Element Sputtering R Sputtering R
yield (=Max—Min) yield (=Max—Min)
Al 1.3 0.40 1.2 0.20
Cr 1.0 0.03 1.2 —
Mn 1.5 0.20 1.0 —
Fe 1.5 0.40 1.8 0.25
Ni 2.1 0.30 2.0 —
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Fig. 6. Comparison of sputtering yields for
various materials among present results ([ 1, ll, &, A
, @), previous results”’ () and values calculated
with semi-empirical formula® ().
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Fig. 7. Comparison of sputtering yields as a func-
tion of irradiated ion energy among present results
(@, A, 2), previous results (I, [J)'"'? and
calculated values®’ (—) for (a) Ni irradiated with
0" (0;") ions and (b) Fe irradiated with N*
(N2") ions.
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Fig. 8. Dependence of sputtering rate of Fe-Ni
alloy on Ni concentration irradiated with 4 keV
Ar" ions and current density of 0.2 A/m"

Table 5. Sputtering yields for Cr,0O; irradiated
with 4 keV Ar" ions at the angle of incidence of
33° and 18.5 keV O," ions at normal incidence.

Sputtering yield

Ion Angle of ir(ncide)nce /
species of ions {deg Metal atoms/Ion
( R=Max— Min) Total atoms/Ion
Ar! 33 0.8 (0.26) 2.0
(o7 0 0.58(0.04) 1.45

Zh 0.8 (R=0.26) & 2.0, HEMHEH 5D 18.5keV
D0, A F roBAEICIZEL C 0.58 (R=0.04) &
1.45 D RA/8y ¥y » FIUEE#:. AFARE 33° D
DAt AF DRy 5 Y TIE Y (33°) % AEIK
HHEERT Y(0)=Y(0)Xcos@ T OXV £+ VT L
BT ASHAEE 53° TORNFICERT S E, &8
BT/ A+ A BEBRTFER/ A+ B3 EhER 1.1,
28 kot AP fOEEZAHTS %A%, Siemunn
DRIBIZERIE FOMEIE 1 IZHEVE ERTWED TS
ST fFlEL. TOREILL S, THELHGRER
1/2~2 {542 TH AH. Fig 6 IR LAEEBEICLESE
J& Cr oI, Ar" A+ > T3.7 0, A1+ T
0.6 ThHAH. DT ENL CrHCry0; 0B LI
L0, ArT A A OBEE RISy ¥ 2 TYLEME
KB OpF A4 > OB IIHEARRR Y202 Z %y
¥ —3NB CrFFOBIZITEAEEDS LW &EHH
LIl o7z,

4. It A

4-1 Zn H->EORFEBORE

W ECBLRS > & L Zn ONEEXBINT A0
12, NV IZRBTHI Zn D RISy 5 2 TYEEE FHvy
T, TANMF— 4keV, EiRHE 0.37 A/m* DAr" 1
eV SAM X BESHMGH EeiT-72. 2:3 0
EHEII LA TRD I A% =B IE 357 ks T
Hot:. ThroBEBLAAEER13.1g/m®> THDY,
FFWEEIC L a5 11.4g/m® IS WEHTH - 72,
COEIINNERETRD RN 7)) LTI EH
WT Zn o EDFERLKRKDHIENTES.
4-2 Ni IEEEOFRE AR

3:3 TKD7 ArT A AL D Fe-Ni g0 - 20
A28y F ) v FNEORERGFEOERE, Nido &
SN D BRMLIRC K 5 T L 72 Ni EFE O SAM 12X %
WS HIHT OBFIGA L2z, SIMS £ & ko
T, MBEICE B RNy 5 ) v FILEROELEFER L TR
Ny 5 —BEB A FEEICEBRL, SNV IEETH
WIS TR L 72 M—3 0 SIMS ofite L
2 Fig. 9 WY, GE&BREORTIIE SAM Tl
BHERE R, SIMS TRBREMRED AV Kook
T Cid, SAM O S EREDT SIM O Zh X 0 T
£H7OI2 Ni OREFWLL N THAEA, MHEH 7O
Ty ANMIE—HFLTEH, SAM 046 Fe-Ni 74
DEEHMTAT 7 A NICBITBESLWAIEL < Frb
Nz EERLTWES,
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Fig. 9. Quantitative in-depth profile of Ni dif-
fused layer after the correction of sputtering rate
variation with Ni concentration, obtained by (a)

SAM and (b) SIMS.

5. #

d— T 2 BFHHEICB T HESTINGH A, O IEHELR
2%y ¥ —BEHELIDIIE, BFHvAIAILF-L A
*Vk%ﬁ%?@Aﬁ{ﬁy*;b@&@ﬂﬂ@x
Wy )y TN ERETAIEREBI o/, TR0
F—id 4keV & L, 14 AHAK I 53 F /0% 33°
E L R ZRAA YEESTEEICBWTHYS
NTws 0,7 14 & N A4 v OEHEMIIBY
BRIy Z) SR RET HERET S, wTH
b4ty RNF—
L7

(1)Al, Ti, Cr, Mn, Fe, Ni, Cu, Zn,
Ta OD%ffuaa/wv?Eft*ﬂr’&ﬁﬁw“C, Art £ F v iZw
AFNFNDOTLED RISy 7)) » FILENKE -7, &
NS OEEE X Matsunamr & O EFRERADD 2 HWTHE
MLZE—ZAVF—D Ar" 1+ > OFEHAGIZBIT
BANRyZ ) yZINBELNDOTROTETHRKE VB
ol TlEhFhoL{bEld, TRIL->THRZ -
7.

1% 18.5keV, 1 4 » AHMHELO°

W BIO

(2)Al, Cr, Mn, Fe B3 X U Ni D%#;5 /v 7 ¥
YHNT, NyW 44 2127w dT 52N EFRDOTTHED X
29 7)) TIPSR T 5 A

(3)EFVEY— 2#&KFHEIZLAD Al, Cr, Mn, Fe, Ni
BXU Cu0#EERBERACT, Art 4142, 0,7 A
FrBIUNT AF LT BENEFNDTLED R
Ry ¥y FPEIKE 572 TRSOFFIE/ IV 7K
Sl ZhEFNOTLED Ay ¥ v 7ITHE L (31T
—¥ L7,

(4)Ni 4 0~25.6 mass% ® Fe-Ni v &{¥ + H
WT, Art 4 A 2272w B Fe-Ni T80 278 )
> WD Ni ARG S 2% o 72, Fe-Ni 1%
DAy F ) I NI BENFVWITEKELC
e o7z,

(5 )HEEEHELHIO Cr ZER XL L TER L
Cro0; FEXHWT, ASHAE33° O Ar" 14~ L
FAFID 0,7 414+ 2127208 % Crp0s DAy 51) »
UK E 5 7.

NG DORBEER Zn O - EOMFEER Ni LU

mé7m774w®MMmeL#ﬁm,%h%nw
AR R SIMS DFERAIFIE - L. R%y ¥ ) >
FINE A HWT, 28y ¥ —BEMD S 28y ¥ —~E
WeHI XY, 14 VR LSRN BRRA
HoRDEH I 572,
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