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Local Quantitative SIMS Analysis of Small Amount of Oxygen in Titanium

Hiroyuki T. Takeshita*, Yoichi Tomii**,
Ryosuke O. Suzuki* and Katsutoshi Ono*

*Department of Energy Science and Engineering, Kyoto University, Kyoto
**Department of Materials Science and Engineering, Kyoto University, Kyoto

Local quantitaive analysis of small amounts of oxygen in titanium was studied using the secondary ion mass
spectrometry (SIMS). Cs* ion was used for the primary ion beam, and %0~, #TiO~ and %Ti; for the secondary
ones. The intensity profiles of the secondary ions against energy at sputtering (energy profile) showed a good
similarity between the cluster ions, i. e., TiO~ and Ti; . The precision of oxygen analysis was improved due to the
similar energy profiles of the two analytical ions. Using the high energy resolution of mass spectrometer and the
stable extraction voltage of secondary ions, the effect by mismatching in the energy profiles was reduced. The rela-
tive standard deviation of the ion intensity ratio I[¢#Ti0O~1/I[%TiO; 1 was suppressed less than 10% over the ox-

ygen concentration of 23 to 1540 mass ppm.
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FE L, EFREEERD Y T A ZAMNDEEL S DS
MEPED DR, TOXERRMEYTHIBEIT T,
100ppm LT CHIET B E - TR HVD, 52 v F:#HE
BROBNEETNOLES,NEF T B. FhPe, b=
VOVHEE LTOF Z VESITEWTIE, MEEECRRE
R HBRRE DR R L OB B RN Y h BT 5120
DFERELTCLBASHEL LTORA 4+ v EESWE
(SIMS; Secondary Ion Mass Spectrometry) iz X % Bt SEE D
EEMIEELREETHS.

SIMS i1, BEZOBETROBHEBENE, FhAa-t, 4
V¥ 7B LI ZRITSE I FASHNRETh A = L i
EOREEAREL TS, RO ETIRF & vEOMERES
DERE L LCORBICT 2 EBH Ry T, i
HADPEW L BEELRE Uiy, BEDITL D EDR4ERE
HATEBCh b, BEREOEBIH~DOBRIRELELT
Wi, AR TR I EILER IS LD, Ay 2

T REAERERE, B - R TR

VIR I DERTEIRA & VO =FAF G5 EHHA A
BOBROBELFRCHEN, TOBRICEICTHIBED
mExED, F2 v FOREBRRMERSTELHEILLL S
ETHLDOTHB.

SIMS EESH CILBE BO KA 4 v OEIEY b > T
HEMELT5. —RAAVRIDBAS, 2 THRE IR ®RA
FVvERESBC I 5B LTS L &, O VSIS
HOHTHREENC LT RERBEERT Z &4, SIMS 4
MOEBREER LB THD. A+ VRS, 2 VIl
THRAETEZRA A VT FAF -/ L CRES Lo o
EPEIBR, ZO=FAF—HITRA A VB L - TR
200 X5 BRI EEEEYAEKERTAERD
O EDILish 5%, &I TABARTE, 0, TiO, Tig 4 4 v
D=FVF—HHEFBBELCS 2C, Zhbd&FPEEOBR
COWTHER LT

I. £ & 5 &%

FHPH123, 20040, 440+30, 77040, 1540+ 30 mass ppm
DSBEOBREEOMT % v A HAE L. ABEBOAFE L,
LA Y¥Ey FA7 CREWE Lk, 38 mEE: k=1:2:
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3BOBW CTEEM LB GE L.

ABrFRCH - SIMS 28 (A 8FAE IMA-3 )1, =
BEFRAOBESHYEBL TR, =FAF—SBIcX b
BEED = RV F —HFORA & VA BRICEE T A Z &8
FRETHD. AEBOEESMMOMMER % Fig. 1 </R7.
—RAF VREC L VEBORE L ZRA 4+ i, T2
WA A v HEROF | HBEECINE IS, BE w7 2 CZRA
A VIEE=RAF -GN, BRICAY 5 P (BAY 5 PR
AT B ELEBE=FAF —DRA * VORIS 7 £ ~NBE
TESB. IeBBARY » FEARFO = XL F — 5L 6.93%
10720 J(4.28eV), $EA L7\ & £13.2x10-18J(20eV) 2
EThHb. BBt rs s TRA A VITEBESEL, BV
ZAY y P TRECERE(m) - A 4 B (2) im/z) D&
A A VovEE LEHERICAS.

AEBETIE, Ay 2OBREA F vhiFE =R LrF—-EIC
SIHERICL VIEIhic=F A F— EydMxfcd Dns, &
HBIADL KA A vD=FVF — By Theh. Tichbb,

E,.=E+E, (1)
Lich. AFRTEZRA A VO=FNF —SHEEE X H
ET B, VAR IWRAERCIEEYAMNET, 5H
BRIZDOAZ—EDEE(E, —E) % HIIN L. DDt E
ESETOBBE Y BRECRET 2N ER Do, BRI X
DEEZFHHLTLAY v +HEATH KA+ vOEE) =
FNF — Egg BED, BT DHRA A VERFHEIL.

SIMS 5 #7 DEIFESLM % Table 1 127=3. BiERk® L FAkE, —
WA vELTCT M A vEBAY, Z&kA 4+ Vi1,
#TIO~ B L OVSTi; A 4 vEFHE L. Ti- 1 A+ VidkFEM
A+ TiH- OF L WEEEYSZT 51D AEYTHEHO.
SHtE — VEREHROFEL T\ X 5B FTR5Ha £
WUt CHITHE—KRA A+ v € — 2k L TR ESF
FEH—ZE ) T sz itk n, EIHAOEREYE L HE

Extraction electrode

_ Electrostatic
sector

B 59 &

ThH5H. BEF—KA A+ VERCRBEERZE,FEL L X
5 L. B® L o aEEAR, SE= R F —RE
CERBAY » FREAL, BEDO=RALF¥ —RFOTR
A4 vHBEROCER LALATHS. RETOSHTERI
0.19 mm x 0.27 mm DOEFHOEBRICHL T 5.

M. BRLELUER
1. BTRAALDIFLF—DHET ORI

BIHEE Ey=2.15kV D& THEx 7 x ORMEREZE
fos, 107, %Ti0~ % L0 %Ty; 1 o+ ¥ DRE, 10°07],
I[MTIO- 1% X O I[Tiy I MIE L. D% E% Fig. 21
R ek, R(DEFELIX o, BEID Eg XAy X
Bo= %1% - BEHIET 50T, ExRmcHRLE. B
TS AY 5 PRIEALCHRIERT < LT 1e2%, fAY
v b DBIC LB EED =5 0¥ - SREOELHE L.
Eg, OBEINE LB WTHOA 4 VS kA 4 VERED R
DU, OB OEA A 4 VB > TR 1.
Egp, 714811071 J(3keV) & 4.90% 1071 J(3.06 keV) 0 &
EDOAF VEEXEEK TS L, RFA4 80" OA 4 vilE
ITSO-1D WA IHI0OFD 1 ThHotehl, 7 FAR—AFV

Table 1 SIMS operating conditions in this study.

Primary ions Cs+
Accelerating voltage 15kV
Primary ion current 100+3 nA
Primary ion beam diameter 130 mm
Scanned area 0.556 mm?
Analyzed area* 0.0501 mm?
Resolution of g-slit +4.28 eV
Pressure in sample chamber <2x10-7Pa
Pressure in primary ion source 6x10-5 Pa

*: 9% area of the centered position in the scanned area.

slit

Detector

Fig. 1 Schematic diagram of ion path in the double focus mass spectrometer. B-slit at the front of magnetic sector for

energy separation is removable.
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Fig. 2 Energy distributions of ion intensity, IT¥0-]/
IT%Ti0~] and I[%Ti; ], where intensities were measured
by inserting B-slit, and the extraction voltage, Eo, was fix-
ed at 2.15 kV. For reference, the magnitude of energy reso-
lution by B-slit and energy E at sputtering are shown.

84Ti0- o I[4Ti0O~] & %Tiy @ I[%Ti; 1tk 3 #LL HETF L.

EZKAF VDR AF - HICDOCTIEE  OREG-O
BHBED, BITERA A VT2 THEN RO, REFL®
ik, FEVESPOEKESMCELT, EADRA A VD
ZRAF—SHEYHEL, 7FAZF—AAVIVEFAA VD
FHRE=FAF - ThEWA F VIBELRE O I EHXHEL T
%. Fig. 2 0B RI - 0BE L —HK L. FLERAF VO
TLEBEORENBE IR T B Z D, kA1 VOl
CEARELSBETAAVOREBISAZ—AF VI T - T
BrAAF - CLRVEEYETA=RIAF -k T
HEELZLND.

SIMS i X AR T, BETROEEC X 2B YHRT
Bicd, A4V (FEELT= MY o 7 AL+ V) DBETH
B LIS &+ VEBELAHAVAEOW, LT, 14 vk
Ew SIMS S OB L T5 2 LA —BHTHB. LT
CFig. 2 10835 I[%0- 13 T I[H#TIO- 12 <= F V) » 7 AD
ITSTi; JCHBIL L. Thb50q 4 vHREKI[0-]/
IT9Ti; 14 X O IT8Ti0-1/I[%Ti; 1o = * A ¥ — 57 % Fig.
3R$. I[60-1/I[%Ti; JBE L= ¥ —FE T
ML, R, BFA A Y80 L25AK -1 %V
BTy D=RAF -HHOBRBRLD LD THS. —F,
ITSTiO-1/I[Ti; 1 3iE—E T, TOEMIX 2 Bzl
Mot TR, 7 FAX—A 4 v HTIO- & %Ti;y O=% 1
F SO ER I UTC BB THL. Tihbb,
64Ti0~ & %Tiy; @ = % A F — HAIL X B Y RTH,
80~ k& 9Ty D=3 v F—GAOMELE I L2 &b
oo,
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Fig. 3 Dependence on secondary ion energy of ion in-
tensity ratio normalized by intensity of %Ti, . Extraction
voltage, B, was fixed at 2.15 kV. For reference, the mag-
nitude of energy resolution by g-slit and energy E at sput-
tering are shown.
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=X AE —SHEORIELUCRVBE, BIET LR A
VEFRAF L OAF VEERIAESEBLL, EESHT
BT AEE, SWBRENENTHRALDL. BERE
440 ppm OFEB A AV TS A + VB X ABEER IOV
THRE L.

JEO SIMS JECI5 HBEE, & 5 5 RBECKEL,
R I B, ¥ HBEEBEELTHHA + V2T S EH
e 3 HETT S L By & 2.1~2.3kV 0B ORBHEIT
HELTWS. ZOFEIECHEL, Eps=4.81x10716J(3keV)
W EE LTA A VERE Hoa 5HI U e BB O WIE O SF5fE & TIER
#% Table 2 10R L. BIERZHENEERZ RSD) TR
Ui, Table2ic X 5 &, kA + vEOFRKC X h HiTHE
OREINRIL -, Thbh, 1+ VvEELIO-]/
I[%Ti; J¥x RSD A K & &, ITSTiO~1/I[%Ti; JiddEF
Xhol., THIHBO &% 5. i, I[P
I[%Tiy J0FEHER L OBRER, AV » PEEALT481x
10~ @ keV)FHED A 4 v O REFIE LizBE, & beiEd
L7z, I[#Ti0-J/I[%Ti; 1oBaix, BA YV » POBEILHL
TR EA LR o1z

Fig. 2R Lic L 5 e = A A ¥ —5MTHEEH, 14 VE
EEH e B h s b fute. Table 2 frod No. 12\ THISERF
DoRAF VI HBEEE KEEE Fig. 4R T. AR
IT60-1/I[%Ti; ] & I[%Ti0-1/I[%Ti; 105 [HEE Ey 4
BHENEEHETES X 54+ vBERORE TRLE.
Fhd Ep=481x10- J(3 keV) i EE L THIE L DT,
K1) X WBIMBEE, L A%y 2RO=RAF - E LI, ©
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Table 2 Results of SIMS measurements of Ti-440 ppmO
specimens.

I[160~1/1[%Tiz ] I{#TIO-1/11%Tiz 1
%\’I‘s B-slit f-slit
On Off On Off
No.d Average 66.7 75.4 1.75 1.78
' RSD* 15% 22% 3.6% 4.4%
No.2 Average 58.2 67.8 1.62 1.65
) RSD* 16% 21% 4.7% 5.1%

*: RSD =relative standard deviation.
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iz &1 & vEEROMIIKEVDOT, AV » PEEALR
WEHIBEIN B A A VEREROERKE ik, HOEKE
MAEZ L r5. —F, I[#TIO-]/I[%Ti; Jo%H-&1L, Fig. 3
I 04 F VEBREROENR=RALVFIEKE LD, =&A
¥ —SEEOFECEREL Ly

DEoBRS L i, 23~1540ppm 0 5 BEORAR A
WV, ZRAF VOREREBREBE L OBGRERE L. HE
ERWTE, AV o FEBALTC=RAF —5HEXED,
Tz, AE3SETTCOEE LK LERFE TR X 5B
BT, L X DEIHBEY 2.22kVE0.06kV OF
BT—Frhd, BEEOKI & v=3rF—- ERNELD
DGO EE L. FoEREY Fig. 5 iorid. RESEE
FHAOEBEOWE & ) EOPWR 2> TW50, 14 vl
EH:BREEOBCI BRI LERESESBIL L. s, 5
HEEOEE & /NE Mz ifw, Fig. 5o 440 ppm OHR
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Fig. 4 Relationships between ion intensity ratios and extracting voltage, Ey; (a): I[*¥0~]/I[%Ti, ] and (b): I{%Ti0~1/
IT%Ti;]. Open and solid circles show ion intensity ratios with g-slit and without it, respectively. Eo,. was fixed at 4.81

10717 (3keV).
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Fig. 5 Relationships between ion intensity ratios and ox-
ygen concentration in titanium; (a): I[*60~]/I[*Ti; ] and
(b): I[%4Ti0~]/I[%Ti; ]. Error bar and RSD show the
standard deviation and the relative standard deviation of 7
measured values, respectively.
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