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Quantitative SIMS Analysis of Trace Metallic Impurities in High Purity Copper

Hiroyuki T. Takeshita, Takuya Kagawa, Ryosuke O. Suzuki,
Toshio Oishi and Katsutoshi Ono

Department of Energy Science and Engineering, Kyoto University, Kyoto

Quantitative analysis of trace amounts of dominant impurities in copper, Ag, Fe, Ni and Pb, were studied us-
ing secondary ion mass spectrometry (SIMS). Based on the survey of the secondary ions species, which disturbed
the detection of atomic ions of impurities, the removal of these disturbance is proposed as the two methods; ap-
plying the high resolution of mass spectrometry, and calculating the isotopic abundance. The precision, detection
limit and relative sensitivity factor were experimentally discussed to establish the reliable quantitative SIMS analy-
sis at the local area of high purity copper.
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“RA F VEESESIMSIE I D X 5 mERY TR
ERMHOFEFER L LTHETHS. SIMS X A5,
SHREOMBAMBIC X » CEOREFENLT LEFE—T
e, SHEMOTLROFAR L » THWEBRIKEES
EhBOO L3 RENRD D, e OMERHHL, h
LEBR L ECOBBGIEOHALARETHS. Lvl,
SIMS i Xk 2 8F o BERHY O EELCEIT AP0, BE
T E—BOTR LR UNTE A EREIR T nW6-0),

AFEE, WFOEELEBERMY THS, Ag, Fe Nik
XU PhieonC, BIEFECHEETROKR AT, BFEk

T REAF AR, Bl : KB TRB AR
T oREAE AR, B B TETH
T Bt : BSTIAF T

DOESIMS 2 X 5 RS EEESITIEOBIL YD ET 30
TH%. 7s¥, Fe, Ni, PbweBd$ % SIMS EE&S T DRALD
TCEHEIRTHERO0, SHEEERI SWTHLNT
e, AR CEMICET 5.
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Ak, HERERE LT99.9%MED JIS 58 1 HEREH
= Ag, Fe, Ni, Pb xFTEEIRIML, BFWT2 X hERL
fo. EEEMLERRE L 250 g DEEEEHE 7 4 3 FHE
Ah, Ar-5%H, K, BRI T 1430 K i@ inh L Catfg L
fo. A 4Amm OARERAEETY AV CRBEYENAA LS
NENHERINOSYTARR (Blank) & L. 2bKe, BE
5, 20, 50, 150, 300 mass ppm % HE TN S T0HE L EHEHE
B TACERENL, HRInECHocERRFELIT-
%, AR L. 7o, Fe OlIMCE L CaR
HEY 1473K & L. 2&%, Btk L v REBRILE
EaxREL, 6 BEOE-TASRAR YRR L.

TEBL LR D 7B 7 A = v 7 5 K=K
(ICP-AES) = X h g Lic. KIEFS B L, SHEO#EHS
Wb b Y 7 ARER LBETHS O WIC TEERY
£ U7, Fe, Ni, Pbi oW Tikd 5o UbBEENC X
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Table 1 ICP-AES chemical analysis of Ag, Fe, Ni and Pb in the
21 binary alloys used for SIMS.

Concentration (mass ppm metal)
1
Sample | plank | A B c D | E
ame
Ag
ppm Ag 5.55 10.0 29.7 66.0 187 380
Sample
Fo Name Blank F G H I J
ppm Fe 1.39 4.98 15.5 50.8 151 325
Sample | Bk | K L M N 0
Ni ame
ppm Ni 2.0 7.7 24.0 59.5 209 444
Sample
- Name Blank P Q R S T
ppm Pb 0.6 4.9 24.7 69.6 124 160
Table 2 ~ Operating conditions of SIMS analysis.
Primary ion species oF
Accelerating voltage 15kV
Primary ion current 3pA
Beam diameter 150 ym

0.48 mmx 0.67 mm
0.20 mmx 0.28 mm{for Ag, Ni)
0.28 mm x 0.39 mm {for Fe, Pb)

Sputtered area
Analyzed area

Width of exit slit 200 pm

Width of collector slit 400 um(for Ag, Ni)
10 pm (for Fe)
50 pm (for Pb)

b, BREEH LSRR KR D H95~99% D% 3
®, o L. Ag e oW TRREABH AR TH L 1o,
B & A—EBE /s 5 X 5 ICP-AES 8 1IF FIER R 4R
AF vEHMUTHWT, Table 1 & fEE L =B D ICP-
AES i X b5 iR ERT.
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Fig. 1 Mass spectra of (a) ¥7Ag*, (b) 5Fe*, (c) %¥Ni+ and (d)
208Pb+.

R PAEFEELLEER, o ERETHoREF AV
BRI, S ERCRMEITFET 28481, KRBAE
HEARATHBRERFAA VY EER L. COHER, ¥Fet,
BNit, 208Ph+ B 5T A 4 v & L. AgicBE LTk, Ag,
19Ag DFEFERNFNEN51.35%, 48.65% £ 2T UTH %
DT, WEERRE L. BEERYHERT 008Kl +
vELTIE, ~t Y 72 ATHBED BCut FER LI

BIR UG R + VEBE T 2BEER/ 1 4 R (M/z2)
wx LCHIE LR Y Fig. 11Rd. Ag, Ni #8454z
THAFVREETS L5 EA + VIIHRCIE Db h
7o by o T2 2y, Fe & & C i 55Sif (= (385i),), Pb & & Tk
208Cuz0H* (= (63Cw) 55Cu60H ) M3 #T A 4 v D ¥ — 7 355
CRDLNE. chbDA 4 vEERT S SiTHERROE
BRGEAFOBETHYTH Y, HBELIVOO0R—~®RAFVEX
URBEBRE Yy AR T 5.

kX b Ag, Niix, BES#EE300~500BE OBHE OFHik
TEIFESHET L ELE. COREE— FCRES
20EOM 4 vEBEFERRCHEECTE, ¥FREORERED
ARG CHIETE A®. —7, Fe, PbicBiL i3, Fig. 1
CoR LICHEA & VR BT REBEES o=, Table 2 &R
Lickdik=v 2229, MEXROTERIFTEAGHEZIT-
t=. S OESEREE— FCRES100003 CEESBEYSD
B EHNTERY, BEOBRHBREIIMMETL, iefigloi
DO CuA 4 VERERCHET A2 EBNTER. £2C, &
SfEfEE — FCHIE LB, BEE— FoCud + v2HlE
L, MEDHYE - THEEE L.
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Fig. 21@/R"3. Fe & Nii, BEOXELCH LTA + VRE Table 3 Relative standard deviations (RSD) of ion intensity ra-
g N N - I L tios normalized by intensity of 8Cu*. Sample names correspond to
l‘h”ﬁd?}")ﬁ%ﬁ Th%hl1.08, 0-942: &, lapvRIFIER those in Table 1.
BIfRA R L. 7ok, BEERO Do 6ONit i R {AFEAE D
B SN L, A oF VREAE A CER AT B Ton species Relative standard deviation (%)
Ag, Po XM ET & & b E #0hE < 72 ), 10 ppm LI SempleMame | Bk A LB L C D 2P
Ag | I[W7Ag+]/I[63Cu*] 7.1 8.8 16 15 25 18
I19Ag+7/I[83Cut] 7.9 6.3 12 15 26 17
1 01 _ - Sample Name Blank F G H 1 J
o i ' " ¢ [ IFeri/ItoCar] | 14 | 84 | 66 | 14 | 11 | 24
8 i % N SampleName | Blamk | K | L | M | N | O
g 10° — = "IN rmecat] | 17 | 16 | 33 | 94 | 90 | 77
— X 3 Sample Name Blank P Q R S T
~— - 4 Pb
10~k _ IT2%Pb+1/I[Ca*] | 20 | 15 | 49 | 20 | 7.8 | 17
~ 3 E
— E 1 E
+ L ]
= 102 1 z ;
= 3 3 ToEBRECIE—EEE -, ok, AERRERHET
- al 1% Ag, Fe, Ni, Pb D & TTRcst LA + VERE BRSO T
2 107F E BLLETH -7
© 5 ] Fig. 2 tho> Ag O 1WAgH DV Ok Lichs, WAgh
._;a 104 E . T EEOERENE L. Fig. 31t WAg+ & W0Ag+ &
2 5 : W COBRER I L TR MEORNERERIK S LD
[0 sl ] FEREL, TEOHIX1842:1 kich. Zhix, WAgt &
c 107¢ E 109Ag+ DFRFIRAD H1.056 : 1 L ZBTc 5.
c L ] Table 3 i £ P EZEORERZED BR & /s 3 A EERE
__o_ 10—6 _11 I_llllll| 01 T | 1| vl 2- IRRIIN 5 (RSD)%%?. *ﬂé@aﬂz]‘; RSD {E& chzs%ulj;jwc\iﬁuﬁﬂ‘
10 10° 10" 10° 10 f6CH o %, RSDEOBEKFRITRC L ) Rigotc. T
Concentration, Cy(mass ppm) ftbb, Ag Fe TRERE CPPAERELRT2, Nik#t

CEEE /NS e ), Pb OEEKREMHIIHLA T,
Fig. 2 Relationships between ion intensity ratios, I[M+]/
I[83Cu*] (M=19Ag, %Fe, %Ni and 208Pb), and concentration of

element, M. V. # ®
1. Ag, PbRH(CHH BIEA A2
o0 SR ETEEM O 4 VERER IO b ) 7 ADHA +
5 T DEER FRERIIMY], I[Cut] e+ 5 &, £+ vEREH
g 20k 107aq S0yt A5 ITM*)/ITCu+ TR Cu I3 LT,
= ICM*1/I[Cu*]=Cy- KIM*1/K[Cu*] (1)
% rFEES. C.C“C“K[M"’]:}’o‘JZZﬁK[Cu"']biM"‘%I@Cu*‘
§ o7 DORA A VIREEREL, KFREO L 5 EBE T —RICE
i) ¥EBREs., LkdoT, R(1)OWMADOHEE LS &,
g 10r "PAg'FCu” log (IIM*1/I[Cu* i =atlog Gy (a: 8D (2)
og M
£ Lieh, Fig. 2 CitlEE 1 OEEEE: 5.
g o5l ] . BHRETRO—RA F A F v BY OA
= % 4.09x10°4 . B I(BIic X W IFE A5 &, R(1)ix
2 i S ITM*]/ITCu*]=Cy- K[M*1/K [Cu*]+I[B*1/ITCu*] (3)
0 100 200 300 400 Lich. BT M 2& A 4+ vECHE, BE B/
Ag concentration, Cag(mass ppm) I[Cu* i3 Cy AEBAR 7 ER B TRE B0 D, R(3)X
log {I(M*1/ITCu* 1} =log {a- Cy+8} (4)

Fig. 3 Relationships between ion intensity ratios, I["Ag*]/ N
I[83Cu+] (»=107 and 109), and Ag concentration. 2T, aCu<P £ X 5 Ts M OEREIR T,



log {ITM*]/I[Cu*]}=log B (5)
Eigh, A4 VEEHRIR—FEECEI c titis.
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BESBLICE A, Fig. 4 rT X5 Agt wEBT %5
DE— 7 BRRED BN, ZHITEEZEDLD WCuSIO+ DATHE
DD, IOLRRARFAMMGEL»HFEIN 55T 07Cu-
Si0 & 109CuSi0 » Hi31.942:1CHh b, Fig. 3oy WHFOH
(1.842: Db\ U Enn, AgHc B 2HHEA + Vi
CuSiO+ TH % LW L7z, L7di-C, Fig. 1T CuSiO+ 23
BT R TEIh - e DIL, BEESMIEE — FOLDHE
EHRHENATRE LD ThHAS.

Pbic oW TCrHELO®M L, Cus0 BT 5 kA + vl
HETZZ EETRBELTWEL, AFECHESEES R X
h 28Cu;OH* Z 58 L CHIE Licic d#b b3, KiksiigEA
FVRRALTCHS EEL BND. EESRE L FHOBER
MY xERTD L, AEDEEE— FCHEESBATRERA 4
vELT, Bl iE28PhHT 23 2 bh s, AW CIE
AF VEYEBETAI ENTE ol BEERLEDODI
13, EA XA VvEEET LR, —~RAF VEOBIELED I S
AZ—AF VPO~ EHLERE LA & v OBIRBMLE
THAD.

2. RfEREZBAWIEECL S Agt & CuSiO+ O3 EE

Ag* Xk CuSiO+ 0 BESHEL, Fig. 30 X5 CHZED v —
IREBTEORECHE. TR A V=R AF -5
OECEFIFT S =3 F - SHEOOLHEA L T EBEO—
KA F vEHEED O KBS TIET bty £ TRFR
T, EBOREEENIMET LWk LT, RfkE
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Fig. 4 Mass spectrum for Cu-450 ppmAg-1000 ppmSi specimen.
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BRAGIEEI LB Y — 2 5ERRL . M/z=107, 109 &
e — FCHIRE L=k A * VERESR FhFh I(107), I(109)
e i

I(107) =I[“"Ag*]+I[""CuSiO*] (6)
1(109) =I["°Ag+]+I[*CuSiO™*] (7)
Flo, RARRGELL Y,
IMAg*]=1.056-I['"Ag*] (8)
ITCuSi0*1=1.942- I[*®CuSiO*] (9)
OEAER B B0, R(6)~(9)X b
ITYAg+1=2.312-1(109) —1.190- 1(107) (10)
ITAg*]=2.190-1(109) —1.128-1(107) 11)

Licdio €, BIEMEI(107), IA09) 26 Agt ic X B4 + v
MEOLRRRME T2 ENWELLS. KRBTV SBEL:
Agt oA A+ VEEE L Ag BE OBAfR% Fig. 5 wnd. &b
BREHAOMEX120.98L 1 i<, HEAS 4 vOBENRRIFC
BEEhic. 7ok, RSDEEILI LR OHERENMEIRD
7o, SrEERT & T RSD fEix#n3 5. #x1¥ ICP-AES
5> ¥ {# 5.55 ppm @ Blank 308} <X RSD {E13150% & 7c b,
FIEEA A+ VEBENA LR BHELRD o, ThBIBHT
FRLUT & ¥W LT, Fig.5 o/NEAFEFEOFEIIERA L
7.

3. RHFIR LAEMREERE

RERREE b & WCHRH TR X OHEREREY RES 5.
B TR, Blank 3k & U CERE L A RIERERAR TD
SIMS G HTfE (1 + v IREE ) DEEEE(RZE opane & AV, B/NE

10 2

Measured

1073F
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S
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Fig. 5 Ion intensity rations of I['Ag+]/I[%Cu*]against Ag

concentration. The open and closed symbols are the measured
values and the calculated ones, respectively.
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Table 4 Detection limit (D.L.) and relative sensitivity factor
(RSF) of Ag, Fe, Ni and Pb in copper.

Ion species Method* D.L.(ppm) RSF
T Ag+7/I8Cut] Normal 18 9.9
I{10°Ag+7/IT8Cu*] Normal 11 10
Ag I[W7Ag+]/T[63Cu+] Calc. 6 10
I[103Ag+]/I63Cut] Calc. 6 10
Fe I[%Fe+]/I[63Cut] High <0.6 1700
Ni T[N+ 1/IT8Cut] Normal 0.9 10
Pb I[208Ph+]/IT83Cu*] High 12 11

* : Normal : depth profiling with normal mass resolution.
Calc. : calculation by isotopic abundance.
High : depth profiling with high mass resolution.

RERC30pak X5 2 2BELTD. T 5TEM O
XIBRE LRI (RSF)%,

RSF=(ITM*1/Ny) - (Ne/ITCu*]) (12)
TEREND. 22T, Ny, N X Th FHRiEEM & Cud =
AGRTHSD., XA HFWT Ag, Fe, Nix L 0'Pb o Culc
3% RSF %R 1-fEH % Table 4 iR~3.

HEA + v ORAD e ds - 72 Fe, Ni T3 1 ppm HUF % 8
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ExBten s, Fellfi10pph ¥ CHRHETE2 LIRS,

i

V. ¥

AR CIIEF O ppm~% 100 ppm L ~1-D Ag, Fe, Ni,
Pbiwwf L SIMS & X 2 R ES &7k, WTihOTLH
P AR 2 RSD 25 % LI CEEBFEETHS. b 5\

% 60 %

A TTREO KA 4 VI L BGERZITRT T &b,
FhoDOREA B W CE AT,

1) Ag 3 EDSiOFFEI X b CuSiO+ it L AIEY 2
oo CREGFREAGCCHER L Y ZoREY SR LE. K
Hi X, TR 6ppm ¥ THEIRS. SHRELE
L7, RSD fE#30%LIC 10 ppm ¥ CEETRE L o 5.

(2) Felih&o Si & ET % Sif gL -8, W%
StooMmiEvEDdH - Lic X W EESH L, RSD {E25%LIA
T lppm ¥ CEEFRE /0%, BHTRIXE T3 0.6
ppm THB.

@) NighEaf 4+ voEgh{MEWNRETHY, RSDE
20% LI C2ppm ¥ CEETES. BHETRIX09ppm TH
5.

(4) Pbwizdic &3 CusOHY OIFERD BH, “hisy
Lo Em o fERe T — N TLARBRMA 4 v OfiEY ST, B
TRIL12ppm it EE B,

ARFC L b, AHAETETHRIYEE BEHE—%
HRBIBEBEHLBHRYEX T L. FRCIFEHMAZEAEER
i B2 R ERERERLH), EFBRBERE  £XEL
BREH), IO IERME TEHE FN SFRO
CHARBE L. B ULTES AR LET.

X R

) Bl BASBYSSH, 28(1989), 137.

) BARE, #5 &, BB, \ARKE *E—% =&
FR B - EhFLEE, 105(1989), 150.

) TS, SRS, NEFBEE : 2 To b, 33(1994), 356.

g C. A. Evans, Jr.: Anal. Chem., 42(1970), 1130.

)

B Mz, EEAE TEZ, KERKE NEBE: BXe
54(1990), 480.

B,

FHEEE, AEAN, BEAL, B A : EHRFomBR,
KRBREBOBEORBLEMNE Y v AU Y 4] T, BASE
2, flif, (1991), p. 28.

(7)Y Y. Nakada, T. Koutsuka, K. Mine and H. Suga: Proc. of 9th In-
tern. Conf. of Secondary Ion Mass Spectrometry SIMS-IX, Ed.
by A. Benninghoven, Y. Nihei, R. Shimizu and H. W. Werner,
John Wiley & Sons, Chichester, (1994), p. 199.

(8) MFHy, BiE—, HAEH PEBH: BASEELE,
59(1995), 973.



