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Determination of ultratrace phosphorus and titanium on silicon wafer surface
by high resolution ICP-MS
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The determination of trace amounts of P and Ti on a Si wafer by high resolution ICP-MS has
been investigated. Si oxide film on the wafer was decomposed by the WSA method and metallic
impurities were collected into a 0.1 ml solution. A sample solution was introduced by using
optimized MCN. The spectrum interference for *'P and **Ti caused by acids and the Si matrix
was removed with a mass resolution of 5000. The recoveries of P and Ti were confirmed by
recovery tests using a dip method or a micro-droplet method. A comparison of proposed
method and TRXRF method showed a good agreement for Ti. The detection limits for P and
Ti on an 8 inch Si wafer were 3E + 08 atoms/cm? and 6E + 06 atoms/cm?, respectively, and were
sufficient for the evaluating actual semiconductor device manufacturing.

Keywords : silicon wafer; vapor decomposition; microconcentric nebulizer/high resolution ICP-
MS; titanium ; phosphorous.
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Table 1 Operating conditions for MCN/HR-ICP-MS
ICP-MS PlasmaTrace2

Nebulizer MCN-100

PF power 1350 W

Refrected power <3W

Cool gas 12 1/min

Auxiliary gas 2.01/min

Carrier gas 1.11/min (4.2 kgf/cm®)

Cone material Pt

Vacuum Ist stage 2E0 Torr

Vacuum 2nd stage 2E-4 Torr

Vacuum 3rd stage 6E-8 Torr

Dwell time 100 ms/point

Detector Multiplier
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Fig. 1 Time series profile of >'P by MCN/HR-ICP-MS
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Fig. 2 Mass spectra in the region around m/z 31 by
MCN/HR-ICP-MS

Each solution contains 10 ppb P. Mass resolution was
5000.
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Fig. 3 Mass spectra in the region of m/z 46 ~ 50 by MCN/HR-ICP-MS

Each solution contains 1 ppb Ti.

Mass resolution was 5000.
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Table 2 Aquired resolution power for each molecu-
lar ions
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Fig. 4 Detection Limits of P and Ti by different mass
resolution
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Fig. 5 Matrix effect for P and Ti caused by Si matrix
and the results of internal standard correction
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Fig. 6 Relationship between Ti concentrations ob-
tained by this method and TRXRF intensity
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Table 3 Recovery of P and Ti from Si wafer surface

Found/pg
Added/pg " yr
P Ti
1 — 0.76
10 n.d. 10
100 100 110
1000 1400 —

Table 4 Analytical results of the evaluation of P cont-
amination for the thermal process

2

Sample Ti/atoms cm
Before the process 3.3E + 09 4.1E + 09
After the process 1.1E + 12 6.4E + 11
After the cleaning LIE + 10 2.0E + 10

Table 5 Analytical results of the evaluation of Ti con-
tamination for quality control (atoms/cm®)

Sampling period HR-ICP-MS TRXRF
1st 2.1E + 08 <3E + 10
2nd 5.6E + 08 <3E + 10
3rd 1.1E + 08 <3E + 10
4th 5.2E + 08 <3E + 10
5th . 9.9E + 07 <3E + 10

DERETEFIC L ) FIREREOHERER/MEL, BT
VEFEFEAFBRICL o CTHIL BB 2R L (E
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PEAREETRICBIT S P RO Ti OMEHEEZ T 5720, MG HEL BHS R ICP-MS 12X 5%
BHEEZRE L. Sivx— Lo siBLEL RO BEIC X D 0L 728, 0.1 ml OBEHICEILL,
MR BEAL L2 MCNIZX DER Lz, MEBE ICP-MS TR 2B BROSi~< MY v 7 ASGERY
HEEANY MTFHIE, BESWHEL 5000 CHRELBEST S ETRETE L., 74 v TEDBVIEY
A 70 Ray FECTEIMERELZY 2 —2HWT, @NRMBENEELZMEE L7z, TillDWT, TRXRF & Dl
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