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Determination of Trace Impurities in Steel Samples by Nonresonant

L.aser Post-ionization

Shun-ichi HAYASHI, Yoshihiro HASHIGUCHI, Bruce J McINTOSH and Takashi OHTSUBO

Synopsis :

Sputtered Neutral Mass Spectrometry (SNMS) employing nonresonant laser post-ionization has been
studied for quantitative analysis of steel standard sample. SNMS technique can overcome weakpoint of the
conventional SIMS, that is, low quantitativeness, by means of detecting sputtered neutrals.

Because the numbers of sputtered neutrals are' proportional to the concentration of the surface of the
sample. In this report, impurity elements in the steel sample were evaluated quantitatively down to ppm
level. And metallic contaminant elements on the silicon surface were confirmed to be quantitatively deter-
mined down to 10'' atoms/cm?. And post-ionization efficiency was also estimated, resulting nearly 16%.
Key words : SIMS; post-ionization; laser ionization; trace analysis; surface analysis; sputterd neutral;
secondary ion; quantification.
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4 % >~ 1t (Resonant multi-photon post-ionization :
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multi-photon post-ionization : NRPI) #'d 5. g%
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TWwaY, METLEOTHRFEOUE, TTHEN OB
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A8y & SN H P ORFETLEORABOILTH 5.
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Schematic diagram of NRPI.
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2Ly A E@ELT, AL 1mm (2 100 pum O ¥ —
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4. ERBIUVEE
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HI ZNX—kTFtE

NIST O #kSIZH# K No. 463 % W TARHMM & LT
GEINHTEFRILL, 2OETHRENSZTREFROTT
FOMHEEL L D £72, KrF (4 248 nm :
5.0eV) & ArF (8% 193 nm:6.4eV) =% <7 L —
F—%HT, A—AFTNRPIEZL#llEL, K2
A F LD L — R R F— KR B L 2.
Fva7z NIST kB O M % Table 1 (25177,

NRPI filE CE LN AARYZ M V% Fig. 2 (M/e
=85~135), Fig. 3 (M/e=165~215) 275 ¢. Fig.
2,375, ArfF 2 V0BG OS2 XY R VIR A
B Ehbis, 2L, SESELNTAA 0k
WOEBM S ND AR PUPBERII R > TWA, H
A A4 yDART P VIERBT A L, ArF o
KiF I ) b BIEDRE L L > Twh I b dbhrs, £
72, Pb 22w Tid ArF O 2SRRI 12 B A5 v 28,
Pb i 193 nm {435 (2 BLICAKFE A & B ARTE~ 0 B FE %
FoTwahiid, 73723 HELHTINA 4 ~1baske

Table 1. Chemical composition of NIST SRM 463.

Element Concentration (atom ppm)

07 630

9Nb 1200

%Mo 160
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181, 460

184W 98
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Fig. 2. Comparison between 193nm (A) and 248
nm (B) photon energy (100 mJ/pulse) for post-
ionization mass spectra of NIST SRM 463 over a'
mass range 85 to 135.
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Fig. 3. :Comparison between 193nm (A) and 248
nm (B) photon energy (100mJ/pulse) for post-
ionization mass spectra of NIST SRM 463 over a
mass range 165 to 215.
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Table 2. RSFs of the constituent elements of
SRM 463 by KrF, ArF and conventional SIMS'®,

Element RSFg.x¢ RSFAw+ RSFgmms
907 ¢ 0.68 1.2 1.
9BNb 1.0 1. 1.0
9BMo 2.7 0.77 2.2
181y 0.85 0.50 0.2
184yy 1.0 0.48 0.34
206py 1.8 6.8 0.022
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Fig. 4. Correlation between RSFs and ionization
potentials of the impurity elements in NIST SRM
463.
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WPERR L 22T

KrF, ArF 22 W T H T O TEROREZEIZK -
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THY, Table 7+ SIMS O F— % LILET 5 L K&
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EEFLESBREShALDLHY, 2, 3fiOA 4+ >
C HFAZ D WTHSEBRF LT TR EEE A
EFLTWK ETCTEEE LA, £/, ArtFIZ2o0wTid
L—H—HIL A NF— (6.4eV) PR ITEOE—1
AR T L x MISEEEL T 0K ILEDE—
CAAAEET v v L BB A Y OMERR B
CHEAR S NS (Fig 4). Thid, 142 2,85 %
Vo ZI X o TR AN 2 L Tw S35 % Rydberg
¥y, HEIM 4 AALEMED A+ AL OREE
BHTLERIESCERL, LYo r v ¥—
WA AERT 7 2w VAR WTEYS A 4 LS B HE
BEREmOHOLNTWALDEEZLNA., THIZHLT,

KrF OBF LV —F— KAV F—-LxmFEO L+ 1L
BF Yy VIR DD S0, ZOHBIER NS
vy,

4-2 VA I NEEOEEFTREEBTEDORE

Ay 2 NEHIKAY ya— % % HuTHEERIZ
&I|TFE (Cr, Co, Ni) % & Lilh % Hwv T,
KA M A AMALETEHRIBL 2. RMEHGREEH 1X
10" ~1X10'3 atoms/cm? & L 7:. UGS & & iy
ey OME % Fig. 4 (IR, Marbbarb L )il
X 10 atoms/em? L NV & TEBMWICSBHRICED
BINCE BT Edbhrb. 72, Cr, Co, Ni 220 T
EIEFE U REREE R 2 L O EMN 2 Rl b IFE IS
ESILTED. RIS, CORBKRETHVT, KR M
F oAbz B LR R,

4-3 RAPAFALHEORE

RRA R AT AL SIMS OF 2 b 4 4 L AbRhER % e
ThH0I2, 42 OPEREE AV RO
B RO T Hw7s,

Y=E-V,-6- Trncor! Tions 1 oreeesersessnssensesensennns (1)

S OT, YR, EdR R M A F LR,
Viid L= =2 B S BRI TH D R0y & i
FoMBEREERA M F LS D FIE (100 pm
X100 pm O L —H— ¥ — L) & OEKFEIIE, 0k 25y
7Y ORI, T &L —F— 230 2,
Tipn W& A4+ ¥ ¥ — 4780 RMG, 73 TOF #ilids D&
KThb.

7,

Y = Liement / Netement= 0lemrml/( Cotoment*S) =70 (2)
2T, Ljment B LZHETEDAL 4 VI,
Neement V&R 789 7 ENIAFEITLEDIEFE,  Cotoment &
BETEOEEEE (atoms/cm?®) T, S A%y Z1H|
i (em?®) THAH (RFHERITLEN 100% 278y & &h
BEFEZAB). 2T, FHOEREMN»L V,=1.8X
1073, 3289 %) v ZDAESRID cosd RIIZHE D
bOEF Do F 7, Tiwer 4 20ms, 4+ ¥ E— 43
W AW Tion V& dps, 71205 THBHE LTEHHAT S L,
K1),

Y=FE*6.7X1078 ceerreriiniiiiiiiiiiii (3)
e h.

{(2)I2B T, Cr ® 3x102 atoms/cm? (22T
M+ 5. I, = 1.7 X 10%atoms, C¢, =3 X 10'2
atoms/cm?®, FHTHIFE X 250 um[] TH B, ZhZMRA
T5E,

(3), (4)&0D,
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Fig. 5. Correlation between NRPI signals and

concentrations of surface contaminants on silicon
wafers.
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A E

mﬁm%ﬁomfu,wmﬁ—i—f,%n%ﬂm
TCH DM IR 5 FELANIC B & £ 5 2 & 252
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